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‘ Alder, hazel Alnus serrulata e
! Ash Fraxinus R
green F. pennsylvanica PR
popash F. caroliniana
pumpkin F. profunda
white F. americana
Basswood Tilia spp.
Bay
loblolly Gordonia lasianthus
red Persea borbonia
sweet Magnolia virginiana
swamp Persea palustris

Beech, American
Birch, river
Blackberry
Blackgum
Blackhaw
Blueberry, dwarf
Bluestem
Bracken
Broomsedge
Buckwheat-tree
Buttonbush
Cattails
Cedar

red (southern red)

white
Cherry

black

laurel
Cottonwood, swamp
Cordgrass

big

smooth

saltmeadow
Corkwood
Couchgrass
Crab-apple
Cypress

bald

pond
Cyrilla

little-leaf

swamp
Dahoon
Dog-fennel

Fagus grandifolia

Betula nigra

Rubus spp.

Nyssa biflora

Bumelia lanuginosa
Vaccinium myrsinites
Andropogon, Schizachyrium spp.
Pteridium aquilinum
Andropogon virginicus
Cliftonia monophylla
Cephalanthus occidentalis

Typha spp.

Juniperus silicicola
Chamaecyparis henryae
Prunus

P. serotina

P. caroliniana
Populus heterophylla
Spartina alterniflora

S. cynosuroides

S. alterniflora

S. patens
Leitneria floridana
Spartina patens
Malus angustifolius
Taxodium

T. distichum

T. ascendens
Cyrilla

C. parvifolia

C. racemiflora
Ilex cassine
Eupatorium capillifolium,

E. compositifolium

ix

.......




Dogwood
Elm, American
Fetterbush
Gallberry
large
Glasswort
Hackberry
Hercule's-club
Hickory
mockernut
pignut
water
Holly
American
myrtle-leaf
Horse-sugar
Ironwood
Lizzard's-tail
Locust, water
Magnolia
southern
Manateegrass
Maple
red
silver
sugar
Mountain-laurel
Mulberry, red
Needlerush
Oak
black
blackjack
hbluejack
bluff
Chapman
diamond-leaf
dwarf-1ive
Taurel
live
nyrtle
overcup
post
red
running
sand-live
sand-post
Shumard
Spanish
swamp-chestnut
turkey
water
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Cornus florida
Ylmus americana
Lyonia lucida
Ilex glabra

I. coriacea
Salicornia spp.
Celtis laevigata
Aralia spinosa
Carya

C. tomentosa

C. glabra

C. aquatica
Ilex

I. opaca

I. myrtifolia
Symplocos tinctoria
Carpinus caroliniana
Saururus cernuus
Gleditsia aquatica
Magnolia grandiflora

M. grandiflora
Syringodium filiforme
Acer

A. rubrum

A. saccharinum

A. saccharum
Kalmia Tatifolia
Morus rubra
Juncus roemerianus
Quercus
velutina
marilandica
incana
austrina
chapmanii
laurifolia
minima
hemisphaerica
. virginiana
myrtifolia
. lyrata
stellata
. flacata
. pumila
geminata
margaretta
shumardii
falcata
. michauxii
. Taevis
nigra
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white
willow
0live, wild
Palm
cabbage
needle
Panic-grass
Persimmon
Pine
Toblolly
longleaf
pond
sand
shortleaf
slash
spruce
Planer-tree
Poison-ivy
Popash
Possum-haw
Redbud
Reedgrass
Rosemary
Saltgrass
Sassafras
Sawgrass
Saw-palmetto
Sea-oats
Shoalgrass
Soapberry
Sourqgum
Sparkleberry
St. John's-wort
Staggerbush
Sumac, winged
Sweetbay
Sweetgum
Sycamore
Tapegrass

Titi
btack
Tulip-poplar
Tupelo
ogeechee
swamp
water
Turtlegrass
Virginia-creeper
Water-1ily
Wax-myrtle

Q. alba
Q. phellos
Osmanthus americanus

Sabal palmetto
Rhapidophylium hystrix
Dichanthelium spp.
Diospyros virginiana
Pinus
taeda

. palustris

. serotina

. clausa

. echinata

elliottii
P. glabra

Planera aquatica
Rhus toxicodendron
Fraxinus caroliniana
I1ex decidua
Cercis canadensis
Phragmites australis
Ceratiola ericoides
Distichlis spicata
Sassafras albidum
Cladium jamaicense
Serenoa repens
Uniola paniculata
Halodule wrightii
Sapindus marginatus
Nyssa sylvatica
Vaccinium arboreum
Hypericum spp.

Lyonia ferruginea, L. fruticosa

Rhus copallina
Mangolia virginiana
Liquidambar styraciflua
Platanus occidentalis
Vallisneria americana,
Sagittaria kurziana
Cliftonia, Cyrilla spp.
Cliftonia monophylla
Liriodendron tulipifera
Nyssa
N. ogeche
N. biflora
N. aquatica
Thalassia testudinum
Parthenocissus virginiana
Nymphaea odorata
Myrica cerifera

Xi
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White-cedar
Widgeongrass
Willow

black

Carolina
Wiregrass
Witch-hazel
Yaupon

Chamaecyparis thyoides (or henryae?)
Ruppia maritima
Salix
S. nigra
S. caroliniana
Aristida stricta
Hamamelis virginiana
Ilex vomitoria
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1. INTRODUCTION

Objectives. This report has eight objectives:

1. To describe the natural setting of the Florida panhandie, including
geology, physiography, soils, climate, and other physical features which
collectively comprise and define the habitats and physical environments.

2. To describe the natural plant communities of these habitats.

3. To describe the ruderal vegetation and other, semi-natural com-
munities that developed in response to disturbance and land management.

4. To identify the physical factors which must be maintained if any
given plant community is to persist indefinitely.

5. To identify successional trends, if any, within and between plant
communities.

(- 6. To indicate the changes expected in community physiognomy and
floristic composition, caused by agriculture and forestry practices,
wetlands modifications, and other habitat management.

7. To classify the vegetation ecologically according to structural
and functional criteria.

8. To assess what little is known about paleoecology and endemism in

our drea.

Previvus Studies. There were two previous attempts to make compre-
hensive descriptions of the natural setting and vegetation of the panhandle,
one by Williams (1827) and the other by Harper (1914). Both contain
valuable observations. Neither benefits from the many subsequent studies

which are basic to a contemporary understanding of our region and to the

sound stewardship of its resources.

BRAAS AN
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Applicability. Nearly all of the plant communities of the Atlantic

A}

: /o

Coastal Plain from the Carolinas to the Mississippi River are represented

in the panhandle. As a result, this report is applicable to this greater

P2 M A A s

region with only a few species substitutions from place to place. The
literature reviewed for this report includes those references which

described the vegetation from this greater region.

Status of Vegetational Knowledge. The written history of the south-

eastern coastal plain dates back 450 years. The earliest Spanish explorers
described the natural scenery and vegetation, as did several naturalists
in later centuries. In the first half of the present century several
perceptive ecologists made substantial contributions to our knowledge of
the plant communities and habitats of the coastal plain. Included among
these investigators were R. M. Harper, H. H. Chapman, and B. W. Wells.
The region is fortunate to contain representative stands of nearly all
plant communities that are preserved in their original state and many more
that are only slightly altered by man's activities.

In Tight of the long history of vegetational observations and in
spite of the availability of natural habitats for study, the vegetation
of the coastal plain is incompletely described and poorly understood.
Most of the rest of the North American continent is much better known.
Braun (1950) summarized the vast deciduous forest formation of eastern
North America, yet no comparable work treats the adjacent coastal plain
in its entirety.

There are several reasons for this void in knowledge for the coastal

plain. First, prior to about 1950 there were few research-oriented

.........................




ARSI IR M S R A N M LS A e Sl S )

PRICIIDE SIS s mole A P At D |
- . Tel

3

universities on the coastal plain and therefore few resident botanists and
ecologists. Investigators from other regions who made forrays to study the
coastal plain contributed to its knowledge but often misinterpreted their
observations, reflecting a lack of familiarity with the complexities of

the region.

Second, until recently very few ecoiogists appreciated the role of
fire in shaping natural vegetation. A national campaign to prevent all
fires began about 1920 in response to disasterous forest fires in other
regions of the country. It seems probable that the national mood against
fire influenced a generation of ecological thought. Fire was considered
a destructive force in natural systems. This view was reinforced by the
location of many universities where ecologists were tauaght, the eastern
deciduous forest region. This is one of the few regions in the world where
fire is not important is shaping vegetation. Students were trained where
they could not observe natural fire as a requlator of plant processes.

Third, American ecologists have been preoccupied by the theoretical
concepts of succession and climax, which were developed in this country
in the early 1900's. These concepts gave a philosophical framework to the
young field of ecology and legitimized it as an academic discipline. These
concepts also generated some chauvinistic pride by setting American ecology
apart from the European schools of ecology. £Ecologists became obsessed by
these concepts. The results of ecological investigations were interpreted
so as to comply with the new orthodoxy of succession and climax. Unfortunately,
these concepts are not particularly compatible with much of the vegetation
of the coastal plain, except in river valleys and on sites disturbed by

man's activities.
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Potential Audiences. This report is more than a monograph on the
plant communities and the physical parameters that affect the vegetation.
It is also a text, because the various topics are often introduced with
general background information. These introductory comments are included
as a service to those readers whose expertise 1ies in other disciplines.
In this age of specialization, very few people are familiar with all the
disciplines that contribute to an understanding of the vegetation.

The report was written for several audiences. One includes the
personnel of those governmental agencies charged with environmental
protection. Another audience consists of those planners, resource
managers and engineers, both in public agencies and with private firms,
whose activities impact the vegetation. A third includes those univer-
sity students and other individuals who wish to become familiar with the ok
regional vegetation. Finally, this report is intended to entice researchers

to investigate the many problems that await solution in our region.

Research Summaries. A unique feature of this report is the inclusion

of brief, 1 to 4 page research summaries. These are presented as sup-
plementary information without much comment in the text. The report
would become unwieldy if the data in the research summaries were in-
corporated in the text. On the other hand, the research summaries
document many of the points made in the text. Some research summaries
were taken from published papers. Most consist of unpublished data,

some my own and others from the research projects of my students.

Conceptualization of Communities. The plant communities are defined

as broadly as possible, so as to emphasize vegetational relationships rather
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gl than differences. Natural zones or phases within each community are
jndicated, so that users of this report can subdivide these communities
to suit their specific needs. The communities are arranged in a system

of classification based on physiognomic and functional criteria, rather

¢ than on preconceived notions that fit a particular ciimax theory.

Floristics. Two factors which Tikely retarded ecological work on the
coastal plain are the complexity of the flora and the lack of local field

manuals for plant identification. The most important floristic works

A ot N e o
BN

have been Small's flora (Small 1903) and its updated version, Small's
manual (Small 1933). These books were difficult to use, because they

contained all of the species from the Southeast, including those of the

conL T

southern Appalachians. Small's manual has been outdated for many years,
both in terms of nomenclature and of the delimitation of many taxa.

More modern manuals have been published recently for parts of the
coastal plain. These are Radford, Ahles and Bell (1968) for the Carolinas,
Correll and Johnston (1970) for Texas, and Long and Lakela (1971) for
Tropical Florida. Most plants of the panhandle may be identified using
these books. Kurz and Godfrey (1962) treated the trees of northern Florida,
and Duncan (1967) treated the woody vines of the Southeast.

tildfiowers may be identified from photographs in volumes prepared
by Rickett (1967) and Duncan and Foote (1975). Mitchell (1963) listed
the flora at Florida Caverns State Park. Ward (1968) listed the ferns,
conifers and monocots of Florida. D. B. Ward recently began publishing
a series of papers in Phytologia which give keys and notes on selected

families and genera as they occur in Florida.




Y Y e T Y Y T W X K,

W v
a« g e s

27

e Tals

LAY M aAs Sl ) Ly 800 S0 N0y Rt g gl at N St B bl L et Wl G AL A LA Al e A A el e A AU AR A AR B e B A N e el 2 s ke e s

6

The panhandle contains a number of rare, endangered and threatened
species (US Fish and Wildlife Service 1980). Most of these are endemic
to the Apalachicola River region and were noted by Clewell (1977).

Several books are in preparation. R. K. Godfrey has in press a
manual for the identification of wetland plants of the Southeast. R.
Kral is preparing a manual of the fiora of Alabama and central Tennessee.
A. Radford is editing a flora for the entire Southeast, which will essen-
tially modernize Small's manual. I am preparing a companion volume
to the present report, which gives keys for the identification of all
vascular plants of the panhandle.

Two public herbaria contain large collections of specimens from
the panhandle. These are the herbaria of Florida State University and
of the University of Florida. £

Bryophytes, which are not treated in this report nor in the above-cited
references, are identifiable in the panhandie using the publications of
Breen (1963) and Briel (1970).

The first botanist in residence in the panhandle was Alvin Wentworth
Chapman, a physician who lived many years in Chattahoochee and Apalachicola.
He collected extensively and described many new species. He published
a flora for the Southeast in 1860 which is an excellent work and is

still an important taxonomic reference.

Acknowledgements. 1 thank C. L. Coultas for his critical review of

the chapter on soils and R. S. Murali for those on geology, physiography,
rivers, lakes, and aquifers. Many of the studies which led to this work

were funded by the Tall Timbers Research Station. Other studies were —_
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i§5 funded through contracts from the U. S. Forest Service, The Florida
Department of Transportation, and the Florida Department of Environmental
Regulation. This report was written with the support from the Army
Corps of Engineers.
I am indebted to many naturalists who introduced me to the region,
who answered my many questions, and who reacted to my ideas. Among
them were R. K. Godfrey (subtlties of vegetational zonation, lakes,
wiregrass), Ed and Roy Komarek and Leon Neel (fire, habitat management).
Charles Wharton (river swamps), Herman Kurz and Red Gidden (tidal
marshes), Steven Leonard (coastal dunes and ridges), W. F. Tanner and
R. S. Murali (Geology), C. L. Coultas and P. E. Avers (soils), and E.
A. Hebb (sandhills). With regret my knowledge of savannahs was enhanced
.\-. by only a single day in the field with B. W. Wells.
Some Abbreviations
BA basal area
BP years before present
cfs cubic feet per second
dbh diameter at breast height (4.5 ft above the ground)
ft feet
ha hectare (10,000 m?)
in inch
km kilometer
m meter
mi mile
mm miilimeter 7
" ms 1 mean sea level :;;
Rel relative .&3
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; SCS Soil Conservation Service, USDA o Ca

! USDA  U. S. Department of Agriculture tﬁﬁ;

; USGS U. S. Geological Survey, Dept. of the Interior :ii

i Some Definitions. F@

. Plant Community. A floristic assemblage that occurs within particular ﬁl
habitats or under particular conditions. Interspecific competition and f;

i other interactions may occur but are not impiied in this definition. ?!%

| Successional and climax connotations are likewise excluded from this '31
definition. 7;'

‘ Basal Area. The area of the cross section of a tree trunk 4.5 feet ._fh

; above the ground, usually expressed as the collective basal areas of Ef??

i all trees of a species in a given area. ;E

i Relative Basal Area. Percent basal area. The basal area of the trees ili i-i

- of one species divided by the total basal area of all species. »

E Density. Number of plants per unit area.

i Relative Density. Percent density or percentage composition. The density -&i%

i of the plants of one species divided the total density of all plants.

{ Frequency. The number of sample units (e.g., quadrats) in which one or 5

) more plants of a species occur. Sometimes expressed in terms of 100 sample ‘if
units. -
Quadrat. A sample area of any size or shape in which basal area, density, &jii
or frequency are determined. ;;_:
Interception. Sampling method employing a line or tape measure. Any Si i
plant touching the line or crossing over or under it is tallied. Relative EEZii
density is obtained by dividing the total number of tallies into those o _;Jl

for each species. Frequency is obtained by counting the number of meter-
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long intervals (or other length) in which a species is tallied.

Physiognomy.

by habit and 1ife form, rather than by species composition.

The structure or architecture of a community as determined

Some Conversion Factors.

To Convert
acres
acres
acres
oC

OF
cfs
cfs
ft
Ft2
ft3
ha

ha

kng
km2

m

ne

i

mi

miz

To

ha
kirf
mi
OF
oc

107 gal

Multiply By
0.405

0.004

0.0016

1.8(°C) + 32
(OF - 32)0.556

/day 0.646

m3/second 0.028

m
"
gallons
acres
mil
cm
acres
mi
ft
ft2
kné
km

acres

ha

LGP N TN VG RS T TN TR U PRS- AT

0.30%
0.093
7.481
2.47
0.004
2.54

10. 764
2.590
1.609
640.000

25%.399
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i PREREATMES

2. GEOGRAPHY
The panhandle of Florida is defined as that part of the state between

the Suwannee River to the east and the Perdido River to the west. The

Ay Sy

state lines of Alabama and Georgia form the northern and western boundaries.
The Gulf of Mexico defines the southern boundary. The Florida Department
of Transportation road map for 1978 shows the geographical features of
the panhandle (Figs. 1, 2). Figure 3 outlines the 21 counties of the
panhandle. The more important streams, lakes, and coastal features
are shown in Figure 4. The total area of the panhandle is 14,915 mi les?
or 38,628 km? (Knight 1969, McClure 1970). Of this area 4.6% is water.
Figures 5-14 are portions of USGS topographic maps, 1:250,000, with
ig contour intervals of 25 feet (7.6 m). The scale on Figure 12 applies
ﬁ to all of these maps. The maps copied were NH 16-5 (Pensacola), NH 16-9
(Apalachicola) NH 17-4 (Valdosta), and NH 17-7 (Gainesville). Not all
of the panhandle is represented in these figures, but those regions which
are emphasized in later chapters are shown.
The physiographic regions of the panhandle are mapped in Figure 15
and will be discussed in Chapter 7. Additional background information
for the region is compiled in SCS (1977) and in several publications

cited in the next chapter.
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3. HISTORY
The vegetation of most of the panhandle has been modified by the
activities of man, both Indians and their European successors. A full
understanding of the vegetation requires an introduction to the history

of the region. MWe are fortunate in that a written history of our region

dates to the early 16th century, including notes on the vegetation and
on land use. Some of the earlier botanical descriptions are given in
this chapter, and others are noted in subsequent chapters in relation to
specific topics. Historical events in this chapter were taken largely

from Tebeau (1971) unless otherwise cited.

Indian Occupation. The earliest artifactual evidences of occupation

by Indians date back more than 10,000 years BP (before present). The

e

earlier Indians were hunters and gatherers who lived along rivers and

near the coast. The outstanding evidences of their presence are the

vast kitchen middens along the coast. These are piles of oyster shells

which were discarded after the contents were eaten. The shells of conch
and other molluscs are intermixed, along with an abundance of potsherds.
The vegetation on middens is often distinctive.

Much of the northeastern shoreline of St. Vincent Island (Fig. 11)
consists of a continuous midden which is nearly 2 meters deep in places.
Most any disturbance of the soil in coastal regions is likely to expose
oyster shells that have been covered shallowly by sand or vegetation.

Many such shell middens are either many meters inland from the shore
or are buried beneath the peats of tidal marshes. This range of occurrence

is evidence for minor fluctuations in mean sea level (msl1) during recent

millenia. el
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The Indians of the panhandle began growing maize, beans, and other o ot
crops approximately 1,000 years BP (Hale Smith, personal communication sgi
1974), Evidence for the most intensive agriculture comes from the :ﬁz
Tallahassee Hills region (Fig. 15), particularly in northern Leon and :i:
Jefferson counties. This region was occupied by the Apalachee Indians fgif
at the time of Spanish contact in the 16th century. Agriculture was ;;;i
absent from the Gulf Coastal Lowlands with the possible exceptions of a iﬁ;
few sites along rivers and behind tidal marshes. The soils of the Tow- ;f:
lands are sterile and usually either too wet, too dry, or too acid for E;E;
agriculture. 'ﬁ;i
bebe
Spanish Exploration. The first European to explore the panhandle ;ES
was Panfilo de Narvaez who marched with a small force from Tampa Bay to ) 'Eé?
near present-day Tallahassee in 1528. Ships that were to meet him Q !
somewhere along the coast south of Tallahassee never arrived. His 'iéa
men were forced to build crude ships which were later lost in a storm ?{f
with nearly everyone lost. The expedition was chronicled by one of .
several survivors, Cabeza de Vaca, whose writings were translated by .fiél
Hodge and Lewis (1907). Cabeza de Vaca described the Apalachee territory &?
as wooded and sparsely settled. He said that they took 640 bushels e
of maize from one town. In light of the poor-yield varieties of maize
of that day and in light of the lack of any metal implements for farming, ?;S}
that quantity of maize suggests extensive fields under cultivation. S
The next explorer in the panhandle was Hernando de Soto, who i;;
landed at Tampa Bay and marched his large army to the Apalachee territory. -z?;

They spent five months during the winter of 1539-1540 in a town near

present-day Tallahassee. In the spring of 1540 the expedition continued
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into Georgia. A chronicler of the expedition, Garcilaso de la Vega,
described the terrain as follows (in Irving 1835):

“The spaniards had now arrived at the commencement of a fertile
region covered with those villages and fields of grain for which
the province of Apalachee was famous throughout the country....At
daybreak the Spaniards resumed their march through extensive
fields of maize, beans, pompions, and other vegetables, extending
on each side of the road as far as the eye could reach, inter-
spersed with small cabins, showing a numerous, but scattered
population....After contending for two leagues through the fields
of corn, the Spaniards came to a deep stream bordered by deep
forests....The stream forded, they marched two more leagues....
through the same kind of fertile and cultivated country....The
province was reputed to be pleasant, the soil fertile, producing
maize, cucumbers, beans, and wild plums....The governor remained
five months in winter quarters; and such was the fertility of
the province of Apalachee, and the quantity of maize, beans,
pumpkins and various other kinds of grain, pulse and vegetables,
besides a variety of fruits, that there was no need of foraging
more than a league and a half around the village to find food
in abundance, though the force consisted of fifteen hundred
persons, including Indians and above three hundred horses."

Spellman (1948) reviewed the historical documents pertaining to

Apalachee agriculture. He noted that one field extended 10 miles around
a town of 200 houses. These fields supported an Indian population

estimated at 6,000-12,000 in the hills of northern Leon and Jefferson
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counties in the mid-1600's.

, The Mission Era. Beginning about 1633 Spanish missions were

established in the Apalachee territory and elsewhere in the eastern
panhandle. These missions were placed on hilltops at Indian village
sites. Maize and other commodities were grown by Indians and trans-
ported to the Spanish colony of St. Augustine on the Atlantic coast.
The Apalachee territory was the bread basket for St. Augustine after
the delivery of provisions from Cuba became undependable. The Tomucuan
Indians who occupied the panhandle east of the Aucilla River were also
agricultural.

The English colony in South Carolina was wary of the Spanish
in Florida. Colonel James Moore of South Carolina brought an army to
the Apalachee territory in 1704, reinforced it with Creek Indians of
central Georgia and Alabama, and raided the Spanish missions. Moore's
raid drove the Spanish to St. Augustine. The Apalachees, whose popu-
Tation had been reduced by previous skirmishes with the Creeks and by
diseases of European origin, were nearly all driven out. Some escaped
to Mobile, and others were captured and sold as slaves in New England.

For the next 125 years the fertile Apalachee territory was nearly
unpopulated, and the former fields lay fallow. During these years the
Lower Creeks or Seminoles drifted southward and established a few
agricultural communities, notably at Lake Miccosukee in northeastern
Leon County (Fig. 10). Their small population did not have nearly the
effect on the land as did the much larger population of Apalachees.

Maps by two explorers, Gauld (1767) and Purcell (1778) both showed

extensive Indian old fields in northern Leon County. Romans (1775)
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~ traveled through the area in 1771 and wrote: Q;CE

"Another curiosity...are the marks of former improvement of this
country; particularly the vestiges of the regular maize hills (even

in woods where, since the area of culture, trees of twelve to eighteen
inches diameter have grown up) and the nails and spikes drove into some
very large trees, apparently at ancient Spanish cowpens; add to these,
% the reliques of old fences, huts, houses and churches, particularly

a church bell in the fields, at Santa Fe....A country once nobly and

extensively settled...reduced again to a wilderness."”

The only other settlement of importance in the panhandle was Pensacola.

Tristan de tuna y Arellano tried to colonize the Pensacola area with 1,600

people in 1559, but the venture failed after two years. A Spanish garrison

The first house was constructed there in 1824. In the next dnzen years

Q‘ was established in 1696. It was attacked by the French in 1719 and later .
taken by the English in 1763, who laid out the city as it presently exists. 9?5_
The Spanish recaptured Pensacola in 1781. A fort was constructed by the Eigi:
Spanish at the confluence of St. Marks and Wakulla rivers in 1679 (Fig. 13). f:;:
San Marcos de Apalache, as it was called, was occupied discontinuously i
until the founding of the Territory of Florida, but the small garrisons .£;
stationed there were of little consequence to the land and the vegetation. 333:

Territory of Florida. The Spanish ceded Filorida to the United States ;&?
in 1821. Florida was a territory of the U.S. until statehood was granted l;gf
in 1846. Representatives from Pensacola and St. Augustine, the only ‘iz_
settlements in Florida, agreed to found a capital city at Tallahassee. ;§§
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other towns were founded, including Quincy, Monticello, Marianna,
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William's Descriptions. One of the founders of Tallahassee was

John Lee Williams of Pensacola. He traveled extensively through the
panhandle by boat and horseback and summarized his observations in two books
(1827, 1837). His descriptions of the landscape give valuable infor-
mation on the plant communities. His remarks were augmented by lists
of important or conspicuous plants for each general habitat type.

Williams (1837) described the panhandle as follows.

"The soils of West Florida may, perhaps, all be comprised in five
kinds, to wit: Pine barrens, uplands, hammocks, swamps, and marshes.
If we estimate the quantity of land at 10,560,000 acres, and deduct
one fourth part for bays, lakes, rivers, &c., there will remain
7,920,000. Of this quantity, two thirds, or 5,280,000 acres may be
covered with pine barrens; 800,000 with tillable upland; 600,000
with hammocks; 500,000 with swamps; and 400,000 with marsh."
Williams' calculations are off by 340,000 acres, but better this error
than no record at all.

The pine barrens are essentially of longleaf pine with some slash
pine near the coast and in boggy sites. Habitats of the pine barrens
include pire-palmetto flatwoods, upland longleaf pine woods, and long-
leaf pine-turkey oak sandhills and ridges. Williams (1837) described
them as follows:

"The pine barrens are composed, principally, of silicious sand, more
or less mixed with calcareous and vegetable matter, and often divested
of every fertilizing principle, by the frequent fires which run over

them. Barrens are found on the seacoast, and on the ridges, between

the large water courses. Al1l the lands covered with pine timber,
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are by no means barren; on the contrary, some of the best uplands are

wholly, or nearly all, covered with yellow pines. And some of the

burnt barrens will not produce even pine or scrub oaks, but ave

usually partially covered with clumps of savin."
Yellow pine is another name for longleaf pine. Savins are cedars;
however, Williams did not give any cedars in the check list of species
that followed his narrative. He alluded to the pine barrens of the pan-
handle elsewhere in his book as follows:

"A large portion of the country is covered with forests, the trees

usually at a considerable distance apart, without underbrush; while

the surface of the ground presents a carpet of verdant grass and

flowers most of the year."
The grassy parklike appearance of these barrens is the result of frequent
surface fires that consume the undergrowth but do not harm the thick-
barked pine trees. The less fire-resistant hardwoods are essentially
excluded. The grasses and many other perennial herbs resprout after fire,
much as a lawn resprouts after mowing.

Williams (1837) described the uplands as follows:

"Uplands are formations of clay, which arise gradually on the subtending

limestone: they usuaily commence about twenty miles from the coast....The

trees, on this soil, are abundant, and form the pleasantest groves

imaginable."
His check list began primarily with longleaf pine and the hardwoods of
the pine-oak-hickory community, including black oak. laurel oak, Spanish

oak, post oak, white oak, and mockernut hickory. The list continued with

species more commonly associated with other mixed hardwood forests,

.......

)

-y I
B .
N [ A A
- R A
. et et W
5 N AN R “

»
o

LA )
3

ﬁ‘, l.l.ll

0

el

A

.
ot

“ T




36 -
including magnolia, beech, and a few species of bottomlands. The latter

species occur along creeks in the uplands.

SO SR ]
.

“
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He said that the hammocks were similar to the uplands but contained

ISR

a greater variety of species. Some of those not found in the uplands
were sweetbay, the coastal cabbage palm, red cedar, sweetgum, live oak,
and several trees of floodplains.

He divided swamps into three types, these were (1) alluvial swamps

-

along rivers, (2) "pine barren swamps" dominated by cypress, "which

v w =

are natural basins, containing the waters of the surrounding country",
- (3) "galls" covered by titi. From the species and notes in his check
F. list, it is obvious that Williams included the more open bogs and
savannahs in his general category of swamps.

Williams divided marshes into fresh and salt marshes and emphasized .-
the diversity of species and soils associated with both types. These
descriptions of the vegetation were printed in both books (Williams 1827,
1837); the latter also contained brief descriptions of mangrove swamps and
tropical hammocks from peninsular Florida.

Williams (1837) also described each county, including occasional
references to the vegetation. He said the following of Jackson County.

"The westem part of Jackson, with the exception of Holmes Valley,
and Oak and Hickory Hills, is poor pine barren land. The Marrianna
Lowlands contains from eight to ten sections of good land, sunk
nearly one hundred feet below the surface of the surrounding country.
The soil is a dark sandy loam, covered with white, black, and yellow
oak, white ash, black gum, wild cherry, red bay, magnolia, with

sassafras, pawpaw, witch-hazle, and haw shrubs: the whole being
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mixed with wild cane."
The Oak and Hickory Hills are the Washington County Outiiers

(Fig. 15).

"They stand insulated in the midst of extensive pine barrens, above
which they are elevated some hundreds of feet. The land on them
is excellent upland, similar to the rich red clays of Leon County;
they are clothed with heavy forests of oak, hickory, chestnut, gum,
sorel tree, and magnolia."

Leon County then extended from the coast to Georgia and from

the Ochlockonee River to the Suwannee River, Williams said:

"There are many rich hammocks on the borders of the Appalachee
bay, and much of the pine land, for some distance from the coast,
has a rich soil, and is very productive....To the distance of fifteen
or twenty miles from the coast, the rock is but slightly covered
with sand; the small streams are rather scarce....This tract of
country is generally covered with excellent yellow pine timber,
under which the wild grass grows luxuriantly....From the level tract
of pine land, as described, the country rises over gentle swells of
red and white clay, covered with an excellent brown soil, and crowned
with spreading oaks and tall hickories, mixed with liriodendron,
magnolia and gum,...This kind of land, in some places, extends into
Georgia: in other parts, the pine barrens make large indentations

from various directions.

Cotton Fra. The Cotton fra begar with the foundina of Tallahassee in

1824. Stoddard (1969) estimated that 75-90 of the red hill country
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between Tallahassee and Thomasville, Georgia, was cleared by slave
labor before the Civil War. Historical accounts of this era were written
by Groene (1971) and Rogers (1963). Large cotton plantations were es-
tablished which thrived until the Civil War. These plantations and
other agricultural lands of the panhandle were distributed almost ex-
clusively in the Northern Highlands and Marianna Lowlands.

This era ended about 1875 with the deterioration of the plantation

system and with depressions in the cotton market (Paisley 1968). Smaller

farms persist to the present, but great acreages of former plantation
lands were lain fallow (Brubaker 1956). The trees that invaded these
fields now provide forest cover. Sharecropping became a major mode of
subsistence for the relatively large population of rural blacks and
other poor people. A family would farm one or few acres of land,
depending on how much tand could be tilled behind a mule or ox. Part
of the crop was "shared" with the land owner in lieu of rent. These
small fields and accompanying homesites were widespread throughout the
former plantation lands and elsewhere in the agricultural belt. Other
small farms and homesteads were established in the coastal lowlands,
even in droughty sandhills. When jobs became plentiful in the cities
during World War II, sharecropping quickly disappeared. Fallow fields
of sharecroppers have either grown over with native vegetation or have
been preempted for other uses.

A significant development in the Tallahassee-Thomasville region
was the purchase of most former cotton plantations by northern industrialists
during the late 1800's for use as hunting preserves. These large,

privately owned tracts are still used for that purpose. Quail is the
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favored quarry.
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4. LAND USE AND LAND MANAGEMENT

Table 1 shows that 79.7% of the panhandle is used for commercial
forestry. Only 5.4% of the region is planted to crops, and 4.6% consists
of lakes, bays, and other bodies of water. The remaining 10.3% of the
land is used for other uses, including municipalities, highway corridors,
and pastures. Jackson County, centered in the Marianna Lowlands (Fig. 15),
leads in harvested croplands. Industrial forests cover 35.3% of the
panhandle. The large majority of industrial forest lands are owned by
several large pulp mills that manufacture paper goods and chemical
cellulose from pine wood (Table 2). Many forests are in public ownership
in the form of national and state forests, military reservations, parks

and precerves.

Grazing. Cattle, hogs, and other domestic animals were first
introduced in the panhandle by de Soto. These animals foraged in the
pine barrens which served as open range. They were tended by Indians and
later by American settlers during territorial times. The abundant wire-
grass was a major source of food for cattle, but only the new sprouts were
nutritious. As a result, the Indians and their European successors burned
the pine barrens at all seasons to promote the sprouting of tender shoots.
Livestock would congregate on fresh burns, thereby eliminating the need
for fences except as exclosures around cultivated fields.

This practice continued until the passage of the fence law in the
1940's, which prohibited grazing on open range. Thereafter pastures
were fenced and improved by the planting of bahia grass and other exotics.

Many forested lands continue to be converted to improved pastures. An
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t S TABLE 1. Surface Area (Mi]esz) by County of Waters and Some
Land Uses.
1 2 3 4 5
County Commercial Harvested A1l Other
Area Waters Forests Croplands Uses
Bay 773 106 660 7 0 ",
Calhoun 566 10 484 24 48 o
Dixie n3 o2 615 5 72
Escambia 652 105 437 37 73 i
Franklin 544 21 478 0 45
Gadsden 512 15 359 58 80
Gulf 567 21 519 1 26
Hamil ton 514 1 394 49 70
Hoimes 483 1 318 64 100
Jackson 939 6 529 184 220
Jefferson 600 11 430 66 93
(. tafayette 550 11 460 22 57 s
‘ Leon 672 1 497 a1 123 -
Liberty 844 7 819 2 16 :;;S;:
l\l -
Madison 714 6 506 85 117 .}_‘ e
Okaloosa 917 54 735 26 102 AR
Santa Rosa 1,015 121 830 64 0 -
Taylor 1,044 20 948 5 7 el
Wakulla 618 21 545 5 47 R
Walton 1,073 89 840 41 103 Yo
e
Washington 605 14 479 25 87 o
TOTAL 14,915 672 11,882 811 1,541 T
Percent 100 4.6 79.7 5.4 10.3 e
Ve
Columns 1 and 3 from Knight (1969) and McClure (1970). Column 2 g
from Marth and Marth (1978)., Column 4 from Raisz (1959). Data S
in column 5 are column 1 minus columns 2+3+4, Column 5 data are L
approximate, because the estimates of county size differed between S
authors. ;..':;;:;
bi
e MR L S i T g kT
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» TABLE 2. Commercial Forest Areas (Miles®) by Ownership. &
— ~
_ Forest Misc. Private -;'"
:: Public Industry Farmer Corporate Individuals ,.
: Bay 43 373 0 0 204 oo
Calhoun 5 253 93 12 122 P.F
Dixie 1 601 2 2 8 e
- Escambia 7 133 118 18 160 i
Franklin 45 417 0 0 17
Gadsden 3 ns 17 39 84 F
Gulf 0 345 123 10 41 -
Hamilton 0 225 36 0 134 s
Holmes 1 81 141 0 94 o
. Jackson 10 76 247 5 192 e
g’ Jefferson 7 189 52 0 182
Lafayette ] 347 43 22 47
- Leon 161 88 62 15 171 as Gan
Liberty 402 299 37 0 81 \ 4 ‘
Madison 0 248 191 0 68 L
Okaloosa 424 66 109 5 132 e
Santa Rosa 285 252 55 12 226 S
Taylor 1 786 14 40 108 .
Wakulla 307 84 16 0 137 S
- Walton 214 220 153 0 253 o
’ Washington 3 60 116 0 300 .
: TOTAL 1,920 5,258 1,725 180 2,801
Percent of ;_'.:i-:’.:
- Entire County 12.9 35.3 11.6 1.2 18.8 o
Data from Knight (1969) and McClure (1970). Forest Industry lands are .-
'. owned by companies or individuals operating wood-using plants. t::}::f_
: 3
3
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example is the M-K Ranch which extends at least 15 miles along the

ME

A
N

Apalachicola River in Gulf County.
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A
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Hogs were less easily controlled on the open range, and many became

feral. They are common today throughout all types of moist and wet woods,

in spite of programs to trap and shoot them. They cause substantial

'
.
()
»

damage by eating pine seedlings and by rooting for food in parks and e

other natural preserves.

Turpentining. The extraction of resins from pines for the production
of turpentine and other naval stores began early and has been widely prac-
ticed for at least 150 years. As a rule, the trees were turpentined for
two or three years before being logged. Pine needles and other com-
bustible vegetation were raked away from each tree to prevent damage
to the face (slashed surface) during the near-annual fires in the pine
barrens. Turpentine stills were operated at small camps throughout the
pine barrens.

Stumps of the original growth pines persist today, in spite of
being cut at least fifty years ago. The high resin content in these

stumps acts as a preservative. These stumps are being pulled from the

ground systematically in great numbers and are chipped and distilled for ;'g
their naval stores. Since 1950 94% of the naval stores in Florida came 1'5
from old stumps of the original timber (Marcus and Fernald 1975). L;.f
PR

Logging. Longleaf pines were logged and exported from Pensacola %

in 1761. Pensacola and fApalachicola were important ports for exporting Eii?
timber in the late 1800's. Timber near the Apalachicola River was gii
high graded (the best trees selectively cut) and rafted to saw mills {524

along the Gulf coast as early as 1830 (Clewell 1971). Harper (1911) e




o
N
)
i =
K3 1 J,‘-
L [
k s
%} 44 - e
¥ SN
x reported that a good deal of cypress had been removed from the flood- ;;
plain of the lower Apalachicola River, much of which was exported to Ijtz
A
Europe. oo
el
The timber boom in Florida lasted from about 1870 to 1925 and %
resulted in the harvesting of virtually all original-growth trees, l;f
particularly pines. Peak production was reached in 1923 (Marcus and
Fernald 1975). Large scale cutting began in the panhandle in the early ii
1900's (C. H. Coulter, personal communication 1978), including Jeffer- g
son County (Shofner 1976). Lands now in the Apalachicola National Forest ’;?'
were cut mainly between 1913 and 1927. The timber of the sandhills té}
near Tallahassee may have been harvested in the late 1800's (Clewell )
1971). Virtually all tracts of virgin timber in the panhandle were cut f;
by 1930. Stoddard (1931) said, "The last virgin pine flatwoods passed iiﬁ ;{
into the hands of turpentine operators and will be Tumbered soon." o)
0“:. z
The logging, turpentining, and grazing operations had no con- ;{j
Y
L4
sequential effect on the grasses and other undergrowth in the pine barrens. *f
Stoddard (1931) mentioned, though, that in the sandhills of West Florida, f}i
"after the original stand of pine is cut, a dense growth of scrub oak :ii
develops.” Once the land was clear cut, it often reverted to public E;;
ownership. The Apalachicola National Forest, the St. Marks National ffi
Wildlife Refuge, and other public forests, parks, military bases, and i@j
wildlife preserves were created in these lands, primarily in the 1930's. fi‘
Burning. Indiscriminant burning of the open range retarded natural :il
reforestation on cut-over lands. Major forest fires elsewhere in the l;
United States led to a massive national campaign to prevent all forest RO .;?
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fires, even prescribed burning. Stoddard (1969) recalled attempts in the

1920's by overzealous federal officials to censor the chapter in his

book on bobwhite quail, which endorsed prescribed fires. The book (Stoddard
1931) was written in cooperation with the U.S. Department of Agriculture.
In spite of anti-burning campaigns, annual burning continued in most of
the panhandle, including the game plantations of Leon County. Indiscriminant
burning was reduced, though, in favor of prescribed burning. Fire was
excluded from some large areas to promote forest regeneration.

Effective fire protection began following the creation of the
State Division of Forestry in 1928. Prescribed burning began on the
Apalachicola National Forest about 1944, and the pinelands have been
winter-burned about every fifth year thereafter. Periodic prescribed
winter-burns are standard practice in much of the pinelands of the pan-

handle today. R

Commercial forestry. Since the last of the original growth pines

were harvested, most sites have been reforested with second growth
pines. These grew from seedlings and saplings that were already established

at the time of clear cutting or from natural reseeding by the few remaining

mature trees. Compared with the original growth stands, the second growth

forests are more densely stocked and the trees are not quite as large, .}j;jﬁ
particularly in girth. Many of these stands, if left to grow, will be lé}:ﬁ‘

- a." ‘."
difficult to distinguish from original growth by the end of this cen- t;f;;

tury.

Most of these second growth stands, thouyh, are being harvested

at a rapid pace to support wood-utilizing industries, including pulp :,‘,;
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mills at Panama City, Pensacola, Port St. Joe, and Perry. The Panama
City installation was built in 1931 and was the first in the panhandle.
Since about 1950 most lands that have been clear cut are planted to
pine, usually following treatment of the habitat to insure full stocking

and rapid growth. Such trea~tment is called site preparation.

Site preparation may involve any or all of the following, burning,
draining, tilling, root raking, fertilizing, the application of herbicides,
and other practices. Tillage often consists of disking, chopping, and
bedding. Disking is accomplished by disk-harrows that siice the soil
but do not turn it completely. Chopping consists of turning the soil
with blades fixed to a heavy drum pulled by a tractor or larger vehicle.
Smaller trees are pushed over and their trunks severed by choppers.

Bedding plows make the soil surface corrugated by throwing the soil into =
broad ridges separated by equally broad furrows. Bedding is a widespread

technique on wet sites. Pine seedlings are planted on the ridges where

the soil is better drained. Root rakes push plants and brush into

windrows. Careless operators often push much of the topsoil into the

windrows as well. Fertilizers, such as dimmonium phosphate, are broadcast

from aircraft.

Since about 1960 the mechanical disturbance of the soil is almost
always involved in site preparation. Disturbance effectively reduces

competition from the native vegetation. The term, intensive management

usually infers soil disturbance during site preparation. Intensive
management is almost universally practiced in the vast commercial

forests owned by large pulp companies. Genetically improved pine seedlings

are row-planted in densely stocked stands. A thinning operation is some- Q;ﬁ
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times required to reduce the density of the saplings. The trees are
clear cut in about 25-30 years. The span of time between site pre-
paration and harvest is called a rotation. Rotations of 60 years or more
are prescribed for the production of saw timber and poles, but the great
majority of pines are grown for pulp.

Periodic fires are sometimes prescribed in tree farms during the
rotation but not in stands where the trees are intended for the pro-
duction of pure cellulose. Flecks of charred materials sometimes
contaminate the processed cellulose and are expensive to remove.

Public lands are under less intensive management. Nonetheless

about 2,000 acres per year of natural pinelands are being chopped or D
bedded and row-planted to pine seedlings in the Apalachicola National i?1¢

Hy ¥y
’

A

Forest west of the Ochlockonee River, Some public lands and private

v

holdings are less intensively managed by the seed tree and shelter

wood methods. The seed tree method of regeneration consists of clear

cutting with the exception of a few scattered trees that serve to
produce seeds which restock the stand naturally. Site preparation
usually consists only of prescribed burning just before seed fall and
fire suppression until the saplings are large enough to tolerate fire.
The seed tree method as practiced on game plantations usually
consists of selective cutting rather than clear cutting. Regeneration
consists of ringing open areas with a firelane to protect seedlings
from annual fires. When these grow into fire-tolerant saplings, the

firelanes are allowed to revegetate, and fires burn across them. The

rotation is very long, often exceeding 100 y:2rs. The great height of
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the trees allows their sale as poles and pilings, which brings a much
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higher price than that for saw timber and particularly for pulpwood.
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In contrast to intensive management, this method of silviculture requires

NN

little labor, machinery, fossil fuels, chemicals, and fertilizers.
Intensive management, though, realizes a greater volume of timber per
unit area within the same span of time.

The shelterwood method usually involves two thinnings before the

final harvest (Croker and Boyd 1975). Trees remaining after the second
thinning serve as sources of seed and are not cut until after the saplings
growing from these seeds are well established.

About one of six acres of commercial forest Tand is artificially
planted to pine, mostly slash pine (Knight 1969). More than a third
= of the longleaf pine-turkey oak sandhills of the panhandle have been
converted to pine plantations. The average stand density is increasing.
~ Trees of at least 5 inches of dbh comprised 36 ft2 basal area/acre in

1949 and 41 ft 20 years later. Pulpwood harvest doubled during the

eev

EQ 1960's. Farm forests are decreasing and industrial forests increasing,

‘/.’l"‘ r,

EZ particularly in northeastern Florida {McClure 1970). The timber harvest

. .
PR AR
»

ee.

.
.

is greater per acre on industrial forest lands than in other commercial
forests. There is an overall increase of 48% (northeast Florida) and

56" (northwest Florida) of growing stock over the timber harvested.

Vegetational Preserves. Portions of the lands in public ownership

P have been set aside as natural preserves. Some other portions of these

lands are not intensively managed and conserve native vegetation in a

\

more-or-less natural state. The private game plantations also largely e !!;!
¢ .

. serve as natural preserves. N
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The public lands include two huge holdings. These are the
Apalachicola National Forest (557,000 acres or 870 miz) in Liberty
and Wakulla counties (Fig. 2), and Eglin Airforce Base (464,000 acres,
formerly the Choctawahatchee National Forest), centered in Okaloosa and
Walton counties (Fig. 1). The Blackwater River State Forest (183,153
acres) in Santa Rosa County is also a large holding. Pine Log State
Forest in Bay County is much smaller (6,911 acres).

The St. Marks National Wildlife Refuge (65,000 acres) spans most of
the coastal areas in Wakulla and Jefferson counties and includes some
forested uplands. St. Vincent National Wildiife Refuge occupies all of
St. Vincent Island in Franklin County. Other coastal regions are preserved
in the form of Gulf Islands National Seashore on Santa Rosa Island, St.
Josephs Peninsula State Park in Gulf County, and recently acquired state
Jands on either end of St. George Island in Franklin County. There are
several other state parks, the most notable of which is Torreya Park
on the bluffs of the Apalachicola River in Liberty County. This park
was established to preserve the unique flora of that area. The Florida
Caverns State Park in Jackson County preserves the unique vegetation of
the Marianna Lowlands. The Blackwater River State Park and the
Ochlockonee River State Park are located in Santa Rosa and Wakulla counties,
respectively. Other recreation areas, historic sites, and gardens are
maintained under the State Park System.

There are two sites in the National Wilderness Preservation System.
One is the St. Marks Wilderness, which consists mostly of tidal marshes

in St. Marks Refuge. Most of the wilderness lies between the St. Marks

and the Aucilla rivers (Fig. 13). The other is the Bradwell Bay Wilderness
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5 in the Apalachicola National Forest north of Sopchoppy in Wakulla County
! (Fig. 12). Bradwell Bay is an acid swamp fringed with pine flatwoods.
N Each of these wilderness areas encompasses about 20,000 acres.
The State of Florida is also purchasing preserves in an Environmentally
Endangered Lands Program, initiated in 1972. A 30,000 acre area in the
floodplain of the lower Apalachicola River is now being acquired (Pearce
1977).
The privately endowed Tall Timbers Research Station, which is north of
Lake Iamonia in Leon County (Fig. 10) serves as a preserve of old growth
timber and as an experimental area for the study of environmentally
compatible technigues of habitat management. It was founded in 1957 at
Tall Timbers Plantation and staffed initially by H. L. Stoddard, Sr., and
some of the colaborators in his investigations of the bobwhite quail. ‘Ii
Station activities have had considerable influence in bringing about the
acceptance of controlled burning as a tool for forest and wildlife manage-

ment (Komarek 1977).
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5. CLIMATE

The climate of the panhandle is mild, moist, and relatively uniform.
The annual rainfall ranges from about 48-64 inches (Fig. 16), although
it is quite variable at a given place from year to year (Fig. 17) and for
the same month in different years (Table 3). The growing season or freeze-
free period ranges from about 265 to 310 days (Fig. 18). The annual
temperature is quite variable at a given place from year to year and for
the same month in different years (Table 3). The climate is slightly
warmer along the coast. The mean annual number of days with temperatures
at or below freezing is 20 along the Alabama-Georgia border and 5 at Cape
San Blas. The mean annual number of days with temperature at or above

90°F is 90 for most of the panhandle but only 20 at Cape San Blas (ESSA

'

u,

»

Y L
e T T i

1968). Mean annual lake evaporation is about 46 inches and mean annual

PLa
L.
.
.
.
D

pan evaporation about 60 inches throughout the panhandle (ESSA 1968, Visher

N ) .'1‘

and Hughes 1969, Dohrenwend 1977).

AR

'l l' ,l

The following discussicn was abstracted largely from the narrative
climatological summary for Tallahassee (NOAA 1976): There is a definite
march of the four seasons with considerable winter rainfall and reduced
sunshine. The average year-round temperature is 689F (20°C) and has
varied from 65° to 71°. During the winter topographic effects and cold
air drainage into lower elevations give a wide variation of minimum

temperatures on cold, calm nights. Freezing temperatures at the airport

average about 35 occurrences each winter, but freezing temperatures in

the city are about half that number. Temperatures of 250 or lower occur j{f)

about three times per winter, and once every third winter temperatures

below 200 can be expected. The lowest ever recorded was -29 (-190C) in

1899, and since then the lowest was 100 in 1962.

................................................................
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.......



N A e I /o AT 2 S i e v e A v e e 30

£,
P}

@

Figure 16. Normal annual rainfall in inches (redrawn from ESSA, 1968).
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Figure 17. Annual rainfall at Tallahassee. Fron Hughes (1969) and HOAA records at the Tallahassee airport.
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TABLE 3. Average Temperature and Precipitation at Tallahassee (NOAA 1976).

Average Temperature
Year | Jan [ Feb | Mar | Apr | May | June] July [ Aug [Sept | Oct | Nov | Dec TAnnual

1937 63,4 55,4 3%,y 04,8 76.2 80,4 81,9 00,7 73,6 7.1
1922 34,2 6C.6 67,0 o0,2 77,0 78,8 §0.% 03,4 7 s
1929 37,4 00,6 04,7 81,6 73,8 0.d

n194C al.8 51,4 o 9.2 7,0

33.2 6843
3 [3

1943 51,2 48,2
1962 9.6 40,8
P 1963 34,0 53,Q
1964 51.0 61,2
1943 50,8 38,8 60,4 9.8 12,8

]9t s, 55,2 63,6 09,2 6,4

19¢7 59,8 9.0 36,0 7.6 73,2

- 1948 48,6 59,6 8.3 72,0 17,6
1949 o1.6 63.3 60,8 6B,3 76,7

" 195¢C 03,6 59,5 38,7 63,3 Tb.4

1951 83,2 56,9 82,1 08,0 T4}
1932 39,7 57,3 ol.5 eS.e 75,1
1983 $5,1 96,8 83,3 85,6 78,1
1984 54,9 56,9 59,9 72,1 71,4
1983 31,2 33,6 63,9 9.8 6.2

. 1956 43,8 59,8 39,7 64,7 73,8
195” S84 62,1 39,2 43,7 1.4
3 1958 46,6 68,3 39,1 88,2 Te.g

1959 $0.7 59,4 58,0 58,3 15,7
1960 52,0 31,8 34,5 o0l Tl

49.0

#1961 01T Se.é
1962 30,6
1963 43,3 48,
1964 55,7 68,8
1963 53,9 88,0
. 1900 49,1 32,8 38,7 68,2 Te,0

1967 53,8 32,0 &4, 72,1 T4
3 1960 $1.9 47,0 ie,8 70
3 1969 31,8 51,9 33,4

1970 46,9 49,6 40,7 53.8

971 51,2 53,3 34,86 62,9 9,5 82,8

19712 9, 53,6 39,8 88.2 13,0 57.2
. 1973 52,0 30,7 4,7 es.l 72,3 5241

197+ o8, 53,7 84,2 84,F T4, 52,3

1978 s6.0 57,8 40,0 43,5 6,6 51,8

910. 7,4 36,8 62,% 68,5 72,6 76,0 02,1 1.7 Te.% 83, 50.2

RECCRD i

WEAN 83,3 55,0 61,1 37,5 76,5 79,7 80,8 EC.T T7.% 59,3 39,5 53.8 67.8

MAX 03,0 €35,9 72,8 79,2 05,9 09,4 90.0 89,7 07.0 9.6 0.6 ee.d Th.2
" HIN 42,8 4,1 @9, 35,7 83,2 09,9 Tl.& Tl.6 68.T 98,9 4B.e 43,3 87,3
-
- Precipitation
. PR - — o oo e e g e o g
. Year Jan_rFebI—MaTI Apr I May “unaj JulyI A [Sopt fOﬂ LNov I Dec lAnnunl

1937 2033 ©.78 4423 5,52 Diee 9.7¢ b.el 10,56 6,32 1,83 4,03 1,58 60,79
1938 2,63 0,00 2413 2,09 296 4,09 6,72 3,71 5,21 2.32 1.20 .28 40,30
1939 3,33 6,01 2,81 9.23 406 14,66 10,86 15,80 3,77 .26 0.93 3.ié 71,4e
#1960 Lel® 5.21 32V €0i? 2039 7,88 10,12 4.8¢ 0,88 C.02 .37 850 %102

lede 6,75 8,33 7,22 4,00 3.i6 0,01 4,78

1942 5,00 6,72 10 T 2,78 10426 4,17 6.6 8,26 1,180 0.73 4,08
A 1943 4,31 2.81 T.70 242% 4,32 6,70 5,32 4,93 5,15 0,06 1.4 3.0
- 1966 3e91 4,93 10429 3,79 2,06 1,16 14.82 1C.06 9,21 [.33 2.8 .8

40,45

1961 1010 1,66 &.83. 1,92
1]

\ 1968 2,66 3,60 0,91 e,8% 2,67 5.91 10,38 8,09 3,91 %,7¢ 0,6¢ 9,08

N [J3.21] $.29 3,42 9.09 1,27 10,38 3.75 9,09 7.04 8,50 0.39 (.80 (.8

. 1947 6,11 3425 5.7 9,95 8,28 11.42 4,59 5,22 5,37 4,08 (2.86 &,72
s 17,88 ° 7,09 4,19

1948 8,26 0.0%5 18,48 8,28
1 456 8,50

18,30, 4.5 3,81

198¢ 4,7 9,29 6,36 1C.63 0,73
1951 LIS T 3.21 6,08
1982 a.8% 4,3% 6,32 4,717
: (953 le0d 7,28 Fe78 Sul4
198 2422 1.0 .26 2,82
. 1998 0,99 3,067 1,82 5,61
- 1958 2:00 1,90 3.40 4,20
. 1987 3,68 5,20 8,72 20,32
1958 Sieb 8,70 3.9 1,58
. 1959 11013 5,09 9,40 6,31 .
196C 9,00 4,03 7,1% 5,07 9.8 :
LI 5,29 4063 2,36 2,42 4,55 6,48 1C.0T 3,00
1962 2.43 1000 2,41 © b 3 6,72 1
198) L2708 ¥ 7.70 6,60 '
- 1964 11,90 8 3,8l y 20,12 9.32 6,51
g 1988 3,06 10,03 7,88 7,1 8,09 9.1 10,29 .
. 1960 9.9% 3.26 2,21 8,54 .89 10,07
- 1987 3.0 1429 1,04 5.3y %.03 LN
. 1908 3.7 2410 1,00 4,8 5,40 0,91
1949 5.47 9.13 2,02 ; . 1 2
. 1e7c 4,02 11,49 3,37 o
‘ 7 S.48 o8l 1,85 4,08 7,44 10,80 15,73 1,37
1972 7,03 5,80 0,33 9,08 11,13 &,10 5.2% 0,11 1
it 7018 12.57 13.1F 0,38 7,09 A4 10,79 3,30
1974 l 2,07 3,00 3,97 8,39 3.04 1,64 9.30 10,43
! 1975 2,8% 6.18 7,17 10434 .77 17,94 6.00 .08
. : : i \ \
. 1970 J LoZl 8030 1483 11406 15403 .19 7,33 2,79 11.79 10.%6 #,0% 77,02 i
- . : 1 !
A RECORD . . 1
MEAR | 4,0U 4,65 3,01 3,48 4uie s.ey 7.9 7,00 9,33 .87 2.7 4,00 38,73
. . j
L]




PR o e S e et e i s e S B e ied it A ) DALt A o g i At s ite g tin i She gie S gaciie gieal s g Y R b dd .‘v_{‘-'_
14
56
|.- »
e
(s
. . W FQC KA
Fiqure 18. Average growing season (days). Redrawn frow ESSA (1963). S
L]




l.
.
»
"

B

A

N

57 33

Y

The average date for the last occurrence of 320 is February 28, but ~a3

it has been as late as April 8. The average date of the first occurrence

s
LACAC
of 32° in the fall is November 25, but it has been as early as October 21. ;Eﬁ;
ﬂ\ﬁq
The average growing season is 270 days. ;~~*

Thunderstorms occur on the average of every other day in the

:‘;Qﬁl

Ity
summer. Summer humidities are very high. Maximum summer temperatures ;i;L
Ny
of 950 occur on about 22 days. Temperatures of 100° (38°C) occur once N

or twice in less than half of the years. Summertime cloudiness holds the

maximum temperatures to about 910,

The average yearly rainfall is near 61 inches (155 cm) with variations

from as Tow as 30.98 inches (79 cm) to 104.18 inches (265 cm). July is the

wettest month followed by August, September, and June. The driest months

are October and November. A secondary but significant maximum rainfall

occurs during the early spring months when evapotranspiration is low and

water storage in the soil is considerable at the start of the growing

season.

Extended droughts are infrequent and shorter droughts rather common.

Droughts when extended over months or years cause the disappearance of

large lakes and cypress ponds. Oroughts of shorter duration create fire

danger in the nearby forests. These shorter droughts, when coupled with

an extended period of less than normal rainfall, can give cause to very

large forest fires. In 65 years there have been six (not consecutive)

months with less than 0.1 inch of rain, and three instances in the same

period when the total for two consecutive months was less than one inch.

In the four-month period ending January, 1934, the total was 2.74 inches

(7 cm), making the worst drought of record. The most recent wet periods
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were in 1964, 1973, and 1975 and caused large lakes to overflow. The most
recent dry period was 1954-55 when most lakes disappeared completely.

High winds are infrequent and of short duration, usually associated
with strong cold fronts in the late winter and early spring months. The
1ikelihood of a hurricane occurrence in our coastal area is about once
every 17 years with fringe effects felt about once every five years.

The last hurricane to do appreciable damage was in 1941. The frequency
of hurricanes increases westward in the panhandle. There were more than

21 damaging tropical storms from Apalachicola westward, 1901 to 1955, but

; only 11-15 from St. Marks eastward (U.S. Forest Service 1969). Hurricanes

strike Pensacola about once in 10 years and Apalachicola once in 15 years
(Marcus & Fernald 1975).
Traces of snow are recorded every few years. Small but measurable

amounts of snow are recorded several times a century.
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6. GEOLOGY

Introduction. The panhandle is an uneven platform of carbonate
bedrock over which has been deposited one or more layers of less consolidated
clastics. The bedrock consists mainly of limestone (CaCO3) and sometimes
of dolomite (CaC03-MgC03). Some of the limestone contains impurities of
sand, silt and clay, particularly in the western panhandle. Other Time-

stone has been silicified into layers or veins of chert or flint. The

superficial strata of bedrock date to the Eocene, Oligocene, and early

Miocene. The bedrock of the panhandle has been subjected to considerable

solution activity, forming numerous caverns, lime sinks, and other karst
features. One geologist speculated that if the overburden of clastics
were removed, the bedrock would look like Swiss cheese.

ﬁj‘ The clastics consist of sand, siit, clay, shell marl, gravel, rock
fragments, phosphatic matrix, and fuller's earth. Fossils, including
petrified wood, are abundant in some deposits and absent in others. Sand,
silt, and clay are defined as mineral particles with particular diameters
(Table 4).

Layers of shells and their degradation products are often common.
Clastics with shell marl are mostly thought to represent the sediments of
shallow seas and estuaries. These sediments became terrestrial clastics
when sea level dropped. The abundance of oyster shells in many shell
marls suggests that oyster bars in bays and lagoons were often covered
by sediments which later became terrestrial clastics.

Rock fragments have various origins. Some were localized layers

of carbonates in mid-Miocene clastics which consolidated into limestone.

el - . . .
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TABLE 4. Particle Size Classes (Soil Survey Staff, 1960).

Name of Separate Diameter (mm) ot

Very coarse sand 2.00 - 1,00 !!5
Coarse sand 1.00 - 0.50 {e
Medium sand 0.50 - 0,25 Z;jf
Fine sand 0.25 - 0.10 E

Very fine sand 0.10 - 0,05

3 silt 0.05 - 0.002 o
Clay under 0.002

- Particle size distribution is determined by mechanical s
2 analysis. A soil sample is sifted through a series of K
: increasingly smaller sieves. The fractions held by each ‘.i
sieve are weighed and the weights expressed as percentages !E
of the total weight of the sample. D




SRR

LR A S Sl 1l Ak A A g ot 2 i R s i a
$o>

61

Some others were layers of sand cemented by limonite (Fe203-3H20) which

was leached from the upper layer of the soil. Plates up to a meter thick

of the resultant sandstone are common in the western panhandle (Marsh 1966).
Phosphate-rich clays and other crusty or pebbly clastics are common

in some deposits. These are sufficiently pure and thick to be strip-

mined in Hamilton County for the production of agricultural fertilizer.

Fuller's earth consists largely of the silicified walls of diatoms that

accumuiated in marine sediments. Such deposits are also know as pipe

clay, diatomaceous earth, and attapulgite. Thick beds are mined com-

mercially in Gadsden County for the production of abrasives and other

products. Veins of fuller's earth shrink and swell considerably with

changes in moisture. This movement requires special foundations for
(J; structures built on terrain containing fuller's earth.

The various strata of clastics were deposited beginning in the
Miocene after the bedrock had formed. Some of these clastics were once
marine sediments of near-shore environments. These were exposed when
the panhandle was uplifted geologically with respect to sea level.

Others were transported by rivers (fluvial deposits) and were deposited
as alluvium in valleys or as de]taic or estuarine deposits near river
mouths. Others were wind-blown (aeolian deposits) such as dunes. Still
others were sediments in lake bottoms (lacustrine deposits).

The clastic deposits form terraces which slope gently towards the
Gulf and which are either separated from each other by step-like escarpments
or by subtler changes in relief. Since their deposition the terraces have

been subjected to considerable erosion and dissection by streams and rivers.

............................................................................
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Entire strata have been removed from some areas, and the materials of
other strata have been reworked (rearranged) by erosional processes.
Since the beginning of the Pleistocene there have been several drastic
fluctuations in sea level. These were eustatic changes, caused by
changes in the volume of water in the ocean basins rather than by uplifts
and other tectonic movements. When much of the world's water was locked in
continental ice sheets, sea level dropped, exposing the continental shelf.
The land surface of the panhandie was more than doubled in area. Sea
level rose during the interglacial stages to approximately 8 meters above
present sea level. Minor eustatic fluctuations continued since the end
of the Pleistocene, reflecting either the volume of water frozen in polar
ice caps or the capacity of the ocean basins of the world, which probably
changes constantly to some extent,

As a result of post-Pleistocene fluctuations in sea level, coastal
regions less than about 33 ft or 10 m in elevation have experienced a
complicated history of erosion, deposition, and reworking of sediments
in conjunction with coastal processes. Dunes, bars, spits, beach ridges,
and other topographic expressions of coastal processes were stranded inland
as seas receded. Some of these were eroded or reworked until their origin
is only speculative, while others are easily discernable. Some pre-
Pleistocene escarpments are even recognizable as former coast lines. Several
submerged features have been located. Submerged beach ridges and drowned
valleys are topographic features dating to glacial stages when sea level

was lower than at present.

Peat. Peat deposits are common. Peat consists of dead vegetable

matter which may persist for several millenia or longer without appreciable
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decomposition. Peats aggrade in marshes, swamps,.and lake bottoms, e 1
wherever anaerobic conditions prevail, inhibiting organisms of decay.
High acidity and low levels of nitrogen may reinforce this inhibition.
The oldest peat occurs at the bottom of a deposit, and new peat forms at
the surface as dead plant materials accumulate. Microscopic examinations
of peat in paraffin sections reveal well preserved plant tissues (Cohen and
Spackman 1972). The anatomical details of these tissues often allow the
jdentification of the plants from which the peat was formed. Many peats
are fibrous. Other, non-fibrous peat is greasy when rubbed between the fingers
and is generally called muck. Most peats contain some sand, silt, or
clay that was transported by water or wind from other areas. Well preserved
wood is of common occurrence in peat. Florida peat deposits and associated
ﬁ, vegetation were surveyed by Harper (1910) and Davis (1946). Peat deposition
in the Okefenokee Swamp was studied by Cohen (1973, 1974a, 1974b, 1975).

Karst. Karst topography is a term applied to a regional landform which
has been modified by the solution of limestone. The limestone usually lies
near the surface and is covered with sands or other permeable clastics.
Rainwater percolates easily through the surficial stratum to the limestone

and filters into the crevices or fractures that characterize most Timestones.

This water is charged with CO2 from the ambient atmosphere and from the soil
where roots, soil fauna, and microorganisms give off COp in their metabolism
co, forms carbonic acid in solution, which is capable of dissolving limestone.”
Some solution of limestone is attributable to the organic acids which

are leached from decomposing organic matter in the soil.

*C0p + Hp0 5 (HY + HCO3")
carbonic acid
H* + HCO3 + CaC03 — = Ca(HCO3)
Timestone calcium gicarbonate (soluble)
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Solution is more rapid in pure limestone than in dolomitic 1imestone hE ‘}f}
or Timestone that contains sand, silt, or clay. It is more rapid in soft, gg;
chalky lTimestone than in hard limestone. Solution features are often .;E;
initiated near the water table where acidized water accumulates. The ;:;7
water table varies seasonally with rainfall. It has also varied widely E?;
over the millenia in response to changes in sea level. Sellards (1910) ;éf
estimated that a foot of 1imestone dissolves in about 5,000-6,000 years ‘7T1
(1 meter per 15-18,000 years). This general rate of solution is apparent !5-
on old marble tombstones on which the incised lettering is becoming obscure. QE:
Figure 19 diagrams some of the more common karst features of the Z:iﬁ
panhandle. These features are described further by Puri EE.El-(]967)' :}?-
An overburdon of sand (1) covers limestone bedrock (2). The surface of
the bedrock is uneven because of localized differences in the solubility o Ry
of the limestone. If the surface is divided into pinnacles or narrow w !ﬁ
ridges of limestone, it is termed karrenfeld. These irregularities
may be masked by the sandy overburden, or they may cause an uneven soil
surface. Vertical and horizontal crevices permeate the limestone. A
horizontal solution channel (3) forms as limestone is dissolved along a
horizontal fracture. This channel may serve as a passage for an underground ij}-
river. :;ﬁ
A vertical solution channel called a funnel sink (4) forms by the Ei?;
enlargement of a vertical fracture. After a fracture is enlarged by sclution, tiif
percolating water in the sandy overburden may enter the fracture in an :é:?
eddying swirl. Sand carried by this water acts as an abrasive agent Eii{
on the limestone. Some funnel sinks have been polished by this abrasion, Iiai
while others have been enlarged considerably by it. Some vertical . f:;
o
v e e e e u”5-}gﬂfﬁiﬁ*ﬁfﬁfxf*?Qﬂ*?i”“”l”ﬁgi'ﬁ.
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solution channels are many meters deep but only a few centimeters wide.
These are called solution pipes or natural wells. They are thought to have
formed by the upward movement of swirling water under artesian pressure. A
depression (5) forms on the land surface when sand from the overburden
filters into the funnel sink.

A cave (6) forms where a horizontal solution channel enlarges. The
funnel sinks and solution pipes in the vicinity help carry acidized water
into the developing cave. Solution is rapid when acidized waters move
freely through the crevices and channels. This movement is reduced if the
ground-water level is high, saturating the limestone and permanently filling
the chanmnels and caves with water.

A sinkhole (7) forms when the thin roof of a cave collapses, allowing
the sandy overburden to fall into the cave. The sandy sides of the sinkhole
are often wet just above the limestone. Rainwater percolates through the
sand around the sink to the limestone. Some of this water moves laterally
on top of this limestone and seeps out along the sides of the sink. The
sandy sides of the sink eventually erode, causing the cave beneath to fill
with sand (8). What was once a narrow steep-sided sink is now a broad
shallow depression. This depression may contain standing water, depending
on the position of the water table.

An impermeable stratum of clay or other fine-textured clastics (9)
prevents the percolation of rain water to the limestone beneath. As a
result, the ground water is perched, and the sandy overburden is poorly
drained, except where thickened into a sandhill (10). A stream (11)

drains these wet uplands, but it becomes merely a creek (12), because

vertical solution channels and fractures capture most of its flow. The
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creek is essentially two-tiered with part of the flow above ground and part
beneath. This area was once a series of small sinkholes that developed along
a prominent vertical fracture or joint. These sinks later coalesced by
solution and erosion and formed a relatively deep creek bed. The surface
creek flows into a sink (13) and becomes entirely subterranian. The creek
reappears at the surface (14). The intervening terrain is called a natural
bridge (15).

The original Timestone surface persists at (16), because acids cannot
percolate through the impervious clastics. Solution lowers the limestone
surface to the left of (16).

The entire panhandle is underlain by karst cbnfigurations, but their
topographic expressions are masked to at lTeast some extent by the overburden
of clastics. The Marianna Lowlands and the Aucilla Karst Plain are the most
obvious karst regions of the panhandle (Fig. 15). Active solution continues
in these regions and to some extent in most other regions. Sinks and some
lakes serve as conduits for acidized waters to reach limestone buried beneath
deep or impermeable clastics. The effects of this activity are obscured by
the clastic beds. Nonetheless, lake basins may form or enlarge or hydrological
changes may occur which affect soil moisture or drainage. These effects in-
fluence vegetation.

A final karst feature, not shown in Figure 19, is known in Florida as
a prairie., A prairie is a broad, flat, marshy depression which contains
shallow water in wet seasons. This water either evioorates or drains
underground during dry seasons. Vernon (1942) said that, "Prairies are
formed by solution activity dissolving limestone down to the average

ground water level and then spreading laterally.” The percolation of
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acidized water is inhibited by the ground water which saturates all but
the uppermost stratum of 1imestone in wet seasons. Percolation above the

water table is not inhibited, allowing lateral solution.

Coastal Features. Shoreline topography is marked by beach ridges,

dunes, dune ridges, swales, sloughs, flats, barrier islands, spits, lagoons,
estuaries, and wave-cut cliffs and notches.

Beach ridges are of marine origin. They may form as offshore bars,
shaped by 1ittoral drift (longshore currents). If sea level drops, these
bars emerge as terrestrial features. Beach ridges are also formed by the
swash of waves which pushes sand into a berm high on a beach. They often
occur side by side, making the terrain appear corrugated.

Cotton (1949) explained the formation of such a series of parallel
ridges. Sand is constantly transportad by rivers and spread by littoral
drift along a gently sloping coast. Waves become overloaded by this sand

and deposit it as an exposed beach ridge on the shore. As more sand enters

the system, a new ridge is formed seaward of the first ridge. Subsequent

ridges continue to be built (prograded) as long as the sand source is ‘ft;
constant, the bottom is sufficiently shallow, and strong offshore currents j{
do not upset the system. };;5’

Beach ridges are straight or slightly curved and oriented parallel to
the coast. The sand grains are angular, because they are protected from
abrasion by a film of water during fluvial and marine transport. (Gravel
and larger rock fragments are too large to maintain a tight film. They are
chipped and become rounded.) The grains are poorly sorted into size classes,
and the smaller grains fill the spaces between the larger grains, making

the beach ridge compact. Shell fragments constitute part of the sand and -
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~ contribute carbonates which coat the quartz grains, causing them to adhere
g slightly to each other. This compaction and cementing of sand grains tends i?é
: to protect beach ridges from wind and water erosion. :E::
: Dunes are of aeolian origin and may assume most any shape or ié;
orientation. Drifting sand causes the abrasion of individual grains. bﬂi
j The grains become rounded and their surfaces scratched or frosted. The %;;
. sand grains are well sorted into various size classes by the winnowing o
effect of the wind. At any given part of a dune the grains tend to be of
the same size. As a result, the grains are poorly packed, and the dunes
; are loose and well drained. Shell fragments are less common than on beach
X ridges. The lack of a carbonate adhesive and the rounded surfaces of the
5 grains allows dunes to be eroded or reworked much more easily than beach
> &. ridges.
Figure 20 diagrams two segments of shoreline as occur commonly on
spits and barrier islands. Figure 20a shows tall foredunes nearest the
< Gulf. Sand from these dunes has drifted some distance inland, making a p
Tow dune field on the flats to the interior. Figure 20b shows a coastal ﬂ:i
& foredune behind which Ties a series of parallel beach ridges. gié
In spite of their cohesive properties, expused beach ridges are sub- i;i
i jected to aeolian forces. The surface layers may be reworked by the wind =
; (wind-decorated) into dune-like masses, or drifting sand may form dunes
on top of beach ridges. Such features are called dune ridges. Most of .ﬂ{i
i the beach ridges along the coast of the panhandle have been converted to S
E some extent into dune ridges. ng
' A swale is any small or narrow moist depression in which the vegetation E;;—
is more rank than on the surrounding terrain. Swales generally occur as the ;-ﬁ
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troughs or depressions between ridges or dunes. A slough is a shallow
and often intermittent water course which is so densely vegetated that the
flow of water is obstructed to some degree. The channel is often poorly
defined. The vegetation may be of aquatic plants but is often of emergent
marsh species or even of shrubs and trees. Sloughs are often nothing
more than swales that serve as shallow water courses, as shown in Figure
20. Swales and sloughs are not necessarily confined to coastal topography
and may occur inland, often associated with bogs and savannahs.
& Coastal flatlands include tidal flats and overwash plains. The
i tidal flats occupy the intertidal region which is flooded by predicted
F tides. Included are sites that are inundated only a few times a year

during the particularly high spring tides. Overwash plains are those

flats which occur above the high tide zone. They may be flooded during
storm tides or hurricanes. They may occur independently of dunes and
beach ridges, or they may occur as flats between widely separated dunes
or ridges.

Barrier islands are common along the coast of the panhandle west
of the Ochlockonee River (the Beach Strip of Figure 15). These generally
run parallel to the coast and consist of beach ridges, dunes, swales,
sloughs, and flats. Examples are Dog Island, St. George Island, St.
Vincent Island, and Santa Rosa Island. Spits are similar to barrier
islands, but they are connected at one end to the mainland. Examples
are Alligator Point and Cape San Blas. A lagoon is a narrow, shallow
body of water between a barrier island and the mainland, such as St.
George Sound and Santa Rosa Sound.

A widely accepted explanation for the origin of barrier islands is
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given by Cotton (1949). Assuming a static sea level and a nearly flat
terrain, waves break near the shore, eroding a trough which becomes the
lagoon. The eroded sediment is deposited partly on the beach and the
rest is carried seaward. The sediment carried seaward is deposited
behind the turbulent zone of the breakers and accumulates to form the
barrier island. This model seems simplistic for our coast where sea level
has fluctuated constantly for several million years. Barrier islands along
the coast of the panhandle may have once begun as beach ridge systems which
were covered and somewhat reworked as sea level rose and later were exposed
as sea level dropped again. The exposed bar became an axis upon which new
beach ridges were built and reworked into dunes and flats. Sand con-
tributing to the growth of the barrier island did not come from the lagoon
but rather from rivers or from deep sediments carried upwards by strong
currents.

Wave-cut cliffs are formed by the erosion of a steeply grading shore-
Tine by waves. A sea cliff can also be somewhat undercut or notched by
wave action, forming a wave-cut notch. Tall dune-lines on barrier islands
are subject to wave cutting and notching in the panhandle. Many of the
various escarpments in the panhandle are thought to have developed as cut
or notched shorelines that subsequently were stranded inland as sea level
dropped.

From the Ochlockonee River westward the present shoreline is
characterized by barrier islands, spits, lagoons, dunes, beach ridges,
and other prominent topographic features. Dunes up to 10 meters high
occur on St. George Island, St. Joseph Spit (Fig. 11), and elsewhere.

This region is recognized in Figure 15 as the Beach Strip. The Gulf of

.

¢
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Mexico is relatively deep offshore from the Beach Strip. Moderate wave
action and littoral drift carry sand onshore where it is reworked into
dunes and other topographic configurations. Barrier islands and spits
developed where the gradient of the bottom was not steep. No such

features occur where the Gulf is about 98 feet (30 m) deep within 1.9 mi

(3 km) offshore (Tanner 1960).

Eastward the shoreline is characterized by extensive marsh-covered
intertidal flats. Low beaches up to about 1.5 m above mean sea level
(ms1) form the seaward 1imit of the marshes in Wakulla County. These
probably developed on beach ridges that formed in the Holocene. Farther
eastward these beaches are lower or absent. The coastal zone east of the
Ochlockonee River is recognized in Figure 15 as the Marsh Strip. Apalachee
Bay lies offshore from the Marsh Strip and is characterized by shallow
water. The relief is less than 1 meter per kilometer offshore from Taylor
County. Waves encounter friction from the shallow bottom far offshore in
Apalachee Bay and lose their energy. As a result, no topographically
prominent features have developed.

The Marsh Strip from St. Marks southeastward to Tarpon Springs is
called a "zero energy shoreline" (Tanner 1960, Tanner and Bates 1965),
because wave breakers average less than 4 cm in height and are unable to
carry enough sand to form beaches and other shoreline features. Littoral
drift is nearly absent. Beach ridges lie well offshare which are still
preserved in this zero energy environment. The ridges may have formed
when sea level was lower and wave energy higher. These ridges occur at
the following depths and were dated tentatively by Tanner and Bates (1965)

as follows:

................................
............
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Depth in meters 8P

(Years Before Present)

-2
-6
-8
-10
-12

Tanner (1975) presented evidence that

eroding. Of the 135 km of open Gulf beaches from Mexico Beach (north of
St. Joseph Spit, Fig. 2) to é point due south of Tallahassee, 52% have
been eroding in historical times, 35% have been stable, and 14% have been
aggrading. Maximum erosion was recorded at Cape San Blas where the beach
has retreated 11.2 meters per year between 1875 and 1942. Dog Island
(Fig. 12) has eroded at about 1 meter per year. The eroded materials
have been deposited as spits at either end of the island, extending its
length. St. George Island has been lengthening on its eastern tip at

19.4 meter:z per year, but the beach face nearby has been retreating 1.34

meters per year for the interval 1934-1970.

Island has been stable.

The easternmost 5 kilometers of St. Vincent Island has been unstable,
being influenced by the growth of a bar attached to adjacent St. George
Istand. The rest of St. Vincent Island was stable until a few decades
ago. Erosion since 1970 was spectacular at some localities, leaving many
trees standing in the surf zone. The non-synchronous changes in the shore-
line of the panhandle suggest that fluctuations in msl cannot account for

the recent changes alone but that local erosional and depositional processes

are also responsible.

Tanner (1975) stated that the history of the coast was of general

deposition up until a time no earlier than 500 BP, followed by severe

6,000 or younger
6,000 - 7,000
7,000

7,200

7,500

the panhandle coast is generally

The middle of St. George
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erosion over the last century or two and more moderate erosion in the
last 20-40 years. He predicted severe erosion in the near future along

the Beach Strip but no essential change along the Marsh Strip.

Terraces. The Florida panhandle is generally described as a stepwise
series of terraces which progress in elevation with increasing distance
from the coast. Each terrace supposedly was once a sea bottom when sea
Tevel was higher than at present. Each step between adjacent terraces
is calied a scarp and is often interpreted as an ancient shoreline. The
highest terrain of the panhandle is considered by some not to be technically
a terrace but instead the eroded remnants of the original Miocene uplands.
The panhandle has undergone an uplift since the Miocene. As a result, sea
level has dropped relative to the surface of the land. This drop was
not constant. Whenever sea level remained static for a long time, shoreline
features developed, such as dunes, beach ridges, and wave-cut scarps.

Some of those features still persist in varying degrees of preservation,
allowing the deliniation of ancient shorelines and their corresponding
terraces. The terrace nearest the coast was the most recent to emerge
from the sea and is the Towest in elevation. Each successive terrace

inland is presumably older and higher.

Matson and Sanford (1913) recognized 3 terraces, based on the meager ﬁf

maps and the few geological studies of that day for Florida. As the f’
geological information increased over the years, so did the number of o
RSN

papers which attempted to delineate terraces and shorelines. Cooke (1945), :;{:;
MacNeil (1949), and others collectively recognized 8 terraces that were 13253
X

mapped by Healy (1975) and redrawn with modification as Figure 21. Healy N
TN

included a concordance which correlated the terraces and shorelines jg;;
KR0S
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recognized in nine previously published studies. The lack of agreement

as to the delimitation of terraces was emphasized by Winker and Howard
(1977), who recognized only three major shorelines based on topographic
data. They elected to designate these shorelines by names which had never
been used by previous authors.

The lack of agreement between authors reflects in part the
discontinuity of features along a given shoreline. Physiographic
discontinuity is seen along the present coast. The Beach Strip contrasts
sharply with the Marsh Strip (Figure 15). If today's shoreline had been
formed a million years ago and were stranded many miles inland by a drop
in sea level, it would be difficult to delineate in its entirety.

Secondary processes further obscure the integrity of ancient shore-
lines. These processes include dissection by streams and rivers, erosion,
solution of underlying limestone with a subsequent depression of the
terrain, and localized warping of the bedrock. Warping has altered the
older highlands but not substantially (Winker and Howard 1977). Erosion
by wind and water has been significant in leveling ancient dunes and ridges
and in filling swales, lagoons, and other depressions. Minor shoreline

features that are geographically unrelated to others compiicate inter-

pretations. They may have formed during relatively brief periods of static

sea levels.

Doering (1956) argued that the Gulf Coastal Plain has undergone
continuous seaward tilting. He defined the terraces not on the basis of
elevation but on the steepness of their seaward slopes. The older terraces
have the steepest slopes, while younger surfaces are more nearly level.

Doering's hypothesis has been partially substantiated but lacks general
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acceptance.

Sea Level. Sea level fluctuated drastically several times in the
Pleistocene. During glacial maxima, when much of the world's water was
bound in glaciers and polar ice caps, sea level dropped as much as 135 m
below its present level. Florida essentially doubled in area and extended
approximately to the edge of the continental shelf. Martin and Webb
(1974) argued that the terrain which was then exposed was covered by
prairies and savannahs. Mammals and other organisms used this terrain
as a corridor for migration between peninsular Florida and Middle America.

During glacial advance the climate was cooler than at present. The
terrain of the present-day panhandle was drier because of depressed water
tables and perhaps lower rainfall. Martin and Webb (1974) concluded that
the coldest climate during the Pleistocene occurred in the most recent w
glaciation, the Wisconsin, about 17,000 BP. Their conclusion was based
on the study of fossil mammal faunas of different ages in Florida and from
other paleoecological studies that they reviewed. Extinction of animals
was most severe then, and fossil animals and plants of northern affinity
were represented for the first time in Pleistocene deposits.

Ice caps and glaciers melted and sea level rose during the warm,
moist interglacial periods. The older literature assumes that nearly
all of Florida was inundated by interglacial seas. Alt and Brooks (1965)
dispelled this contention and argued that much of Florida has not been
inundated by seas since the Miocene. Current evidence argues that sea
level rose approximately to a maximum height of 8-11 m above sea level
during Pleistocene interglacial stages. When present sea level was

exceeded, it is widely assumed that the climate was warmer and more moist
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than at present. Recent references to Pleistocene high sea level stands N

include Milliman and Emery (1968), Scholl, Craighead and Stuiver (1969), !Eg

Pirkel et al.(1970), Rosenberg (1970), Alexander (1974), and Fairbridge j:;:

(1974). }1&?

- L

Figure 22 portrays changes in sea level from the Miocene to the TN
present with respect to present sea level. This figure was compiled from

the often contradictory literature cited in this chapter and from several ;;;;

"

conversations with W. F. Tanner and R. S. Murali (personal communication N

1975-7). It is likely that most any geologist or paleoecologist will
dispute some aspects of Figure 22. For example, the mid-Wisconsin
interglacial stage may not have been as extreme as shown. Nonetheless,
Figure 22 illustrates the magnitude of sea level fluctuation and infers
drastic vegetational changes in nearly all parts of the panhandle in the
not too distant past.

Figure 22 shows that sea level fluctuated a few meters above and
below present sea level over the past several millenia. There is con-
vincing evidence that these fluctuations indeed occurred. The times
of fluctuation are subject to the vagaries of the radio carbon dating
method. The extent of eustatic change in sea level is also in doubt
because of differences reported in studies at different locations. These

differences may be attributable to local effects of solution, warping, and

erosion.
Geological Formations. Figure 23 shows the predominant superficial R,
KRN
geological formations of the paihandle and Figure 24 their stratigraphic Ci:{:
‘.:,\:p
relationships. Those formations consisting of clastics tend to be )

variable in composition and structure, reflecting the complexities of the

ever-changing coastal, fluvial, and sometimes lacustrine environments in

..............................

......
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RECENT Surficial Unnamed alluvial, Marine sands deposited on sea bottoms -
peats deltaic and when sea level was higher than at £
HOLOCENE lacustrine present, and present shoreline X
deposits and features, including beach ridges,
N PLEISTOCENE buried peats dunes, spits, barrier islands, etc.
N These deposits are usually
PLIOCENE indistinguishable as to age and are referred to here as

T EEEIYY

Plio-Pleistocene Sands.

Escambia to

Walton counties

Walton County to the

Apalachicola River

Apalachicola River to

the Suwannee River

ﬁi

MID-MIQCENE

Citronelle (some may date to the early
Pleistocene. Mainly sandy
alluvium with lenses of

Coarse clay § gravel. Includes R
LATE MIOCENE Clastics the Fort Preston Miccosukee
(Choctawhatchee deposits.) (deltaic loams § sands)

Stage) Pensacola Regh:?{ f;oamy
mar Jackson Bluff

Upper Clay Yellow River 4 : :

Member (micaceous sand) (sandy loam & shell marl)

Escambia Shoal River

Alachua >

Hawthorn

(Alum Bluff sand Menber sgﬂ;;afggzs Chipola (Phosphatic marine |(irregular
’ Stage) [ é shell (shell marl sand, clay, marl, | deposits of
ge) Pensacola marl) or sandy sandy limestone sand § clay)
Lower Clay limestone with | with veins of
Member clay lenses) fullers earth)
EARLY MIOCENE Chattahoochee (limestone) St. Marks (limestone)
(Tampa Stage)
OLIGOCENE .
(Deep limestone Suwannee (limestone)
EOCENE formations) Marianna (limestone)
Crystal River (limestone)

Figure 24. Approximate stratigraphy of those deposits that influence the physiography.
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X Q§§' which they were deposited. Some clastic formations are poorly dif- ~2§
T ferentiated from each other. Certain deposits, some of them extensive, are 1:
E only tentatively identifiable with respect to their age of deposition and $t$
; to their strategraphic relationship with other better defined formations. §§$
‘ The Citronelle Formation exemplifies these problems. This deposit, :;?
which is about 13-240 m thick in Escambia and Santa Rosa Counties, con- ;ﬁ;

sists mostly of yellowish to reddish or brown sand, some of it white or 5;&

: grey. The sands are frequently interrupted by lenses of gravel, silicified Jif
.; limestone, siltstone, clay (up to 20 m thick), and sandstone. The latter 5?2
? consists of sand cemented by Timonite. There has been considerable dis- ésf
o agreement as to how far east the formation extends and whether it is of iv:
i Pliocene or early Pleistocene in age (Marsh 1966). It is thought to i;x
i represent an alluvial deposit primarily (Puri and Vernon 1964). It rests Eégl
i Qé. on Miocene clays and sands in the western panhandle that are not as yet 3
g identifiable in terms of stratigraphy with other Miocene clastics of the gE;
- central panhandle. 3;;5
- Plio-Pleistocene sands are comprised of various marine sediments ;Af-
3 which were deposited during high sea level stands during the Pliocene and E%?
5 the interglacial stages of the Pleistocene. Coastal marine sands of ;E?
g Holocene deposition are also included in this catch-all category. The j:?%
} Plio-Pleistocene deposits form a thin mantle over the Aucilla Karst Plain, Efii
2 the Jackson Bluff Formation, the lower part of the Citronelle Formation, EIEE
and perhaps other formations mapped in Figure 23 that lie at lower -

elevations. This mantle is so thin that it is not considered to repre- EE&

sent the predominant formation at the surface. It is mapped in Figure 23 é;%

- only where it consists of a deep deposit. \”_;

o Figures 25-28 show the vertical relationships of the formations at Eg

selected localities. Only a few of the formations shown in Figure 24 occur Ség

NI
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in vertical sequence at any given location. Not all formations were
deposited uniformly across the panhandle, and some formations have been
removed by erosion in places. Figures 29 and 30 show that the bedrock
becomes deeply buried by less consolidated clastics west of the Ocklockonee
River with the exception of the Marianna Lowlands. The veneer of Plio-
Pleistocene sands is very thin over the Aucilla Karst Plain. Miocene
clastics are essentially absent on the Aucilla Karst Plain but replace
the Plio-Pleistocene sands to the north and underlie them to the west.

Severe (1966) described the geology of adjacent Thomas County, Georgia.
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7. PHYSIOGRAPHY =
Introduction. The physiographic provinces of the panhandle are
mapped in Figure 15. This map was based Targely on the map of Puri and
Vernon (1964), which was the most current attempt to delineate the
physiographic provinces for the entire panhandle. The previous maps of
Harper (1914) and Fenneman (1938) bear little resemblance to that of
Puri and Vernon (1964) or to each other. The reasons for disagreement
are that (1) topographic expressions are not always correlated with
geological formations; (2) these formations are sometimes scarcely dis-
tinguishable from each other and are imprecisely known; and (3) the
vegetation, which in many parts of the world conforms to physiographic
and geological boundaries, often crosses these boundaries, making them
indistinct.
Figure 15 incorporates some physiographic features proposed in
local studies by Hendry and Sproul (1966) and Yon (1966). The major
departure in Figure 15 from previous studies is the separation of the

Gulf Coastal Lowlands into the Western Lowlands and the Aucilla Karst

Plain. These two divisions are heterogeneous but are useful in re-

spect to the characterization of lowland vegetation types.

There are three principal provinces in the panhandle. These are e

the Northern Highlands, the Mariana Lowlands, and the Gulf Coastal iﬁin

! Lowlands (Fig. 15). The Northern Highlands consist primarily of the

-
.
ta

Western Highlands and the Tallahassee Hills. These provinces are in-
terrupted by the Marianna Lowiands, but the continuity of the Northern

Highlands is maintained by New Hope Ridge and Grand Ridge which skirt

DR o d T AL

the Marianna Lowlands to the south. Grand Ridge has suffered considerable

erosion and is closer in average elevation to the Marianna Lowlands than
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to the Tallahassee Hills. O -
N : et
Much of the Tallahassee Hills is capped by the fine-textured Miccosukee e
Formation, which was deposited as a delta piain in the late Miocene (Fig. 23). Q%ﬁ
ﬁ.:h:.
This formation rests on the similar Hawthorn Formation which outcrops at NN
Tower elevations (Fig. 25). Solution of the underlying limestone (St. !!EJ
Marks Formation) is retarded by the deep and often impermeable clastics 1;5{
above. Karst features are not nearly as prominent as on the adjacent R
" 3
i Aucilla Karst Plain. Y
3 The surface of the Miccosukee Formation is often of sand or loamy -
sand on the hilltops and ridges. The removal of vegetation through agri- R
¥
cultural practices allowed considerable sheet erosion. The more ety
clayey subsoils were often exposed, and such sites are locally called :i;:
gall spots. s e
w K
West of the Ochlockonee River the Tallahassee Hills are capped -
primarily by the deep sands of the Citronelle Formation (Ft. Preston of -
Puri and Vernon 1964), rather than by the finer textured Miccosukee l{;ﬁ
Formation. The Citronelle is thought to be primarily alluvial in origin. g
The Tallahassee Hills end abruptly as tall, steep bluffs along the ]
Apalachicola River (Fig. 9). A series of trelised creeks (creeks branching ]

at right angles) interrupt these bluffs and flow from deep ravines in

western Gadsden and Liberty counties. This westernmost portion of the

: Tallahassee Hills is shown on Figure 15 as the Apalachicola Bluff Region

which includes the lands dissected by the trelised creeks.

The Tallahassee Hills are separated from the Gulf Coastal Lowlands
X by the often steer and prominent Cody Scarp. This scarp cuts across the
southern part of the City of Tallahassee and can be seen dramatically
from the campus of Florida A. and M. University (Fig. 10). The Leon

County Fairgrounds are near the base of the scarp, and the Tallahassee
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Municipal Airport is in the lowlands just below the scarp. Hendry and
Sproul (1966) equated the scarp with the Okefenokee shoreline in Leon
County. They identified an upland west of Tallahassee as an Okefenokee
dune field. These ancient dunes essentially lie between State Routes 20
and 267, U.S. Route 90, and the eastern portion of Lake Talquin (Figs. 1,
10). The Cody Scarp was equated with the Wicomico shoreline in Jeffersan
County, the scarp having been lowered there by the solution of underlying
limestone (Yon 1966).

Grand Ridge, New Hope Ridge, and the western portion of the Tallahassee
Hills are included as the southernmost portion of the Tifton Uplands by
Fenneman (1938). These uplands continue northeastward through Georgia.
The eastern part of the Tallahassee Hills was assigned by Fenneman to those

k‘ marine terraces above the Wicomico shoreline (Fig. 22). These terraces
parallel the Tifton Uplands on the east in Georgia.

The Holmes Valley Scarp separates the Marianna Lowlands from New
Hope Ridge to the south (Figs. 15, 25, 28, also 7). The lowlands extend
into adjacent Alabama and Georgia as a karst plain. The entire region is
called the Dougherty Plain by Fenneman (1938), and the Marianna Lowlands
is that portion of the Dougherty Plain in Florida. This plain borders the
Tifton Uplands on the west in Georgia.

The Gulf Coastal Lowlands comprise roughly the southern half of the
panhandle. Included in these lowlands are the valleys of the Escambia,
Choctawhatchee, Chipola, and the Apalachicola rivers, which extend north-
ward and interrupt the Northern Highlands. The Gulf Coastal Lowlands are
divisible into the Aucilla Karst Plain and the Western Lowlands.

e The Aucilla Karst Plain consists of a thin mantle of P1io-Pleistocene
sands over limestone. The sand deposits are mostly less than 10 meters

deep, and limestone often outcrops, particularly along streams and near
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the coast. The rivers are fewer and smaller than in the Western Lowlands.
Much of the surface water seeps through the sands and into the limestone
where it flows underground. The few surface streams are largely fed by
springs which emanate from crevices or channels in the limestone. Natural
bridges are common.

The western portion of the Aucilla Karst Plain, exclusively of the
coastal region, was called the Woodville Karst Plain by Hendry and Sproul
(1966), and occurs from Jefferson County westward (Yon 1966). Whether
or not this province continues eastward has not been determined. The
Woodville Karst Plain is distinguished by ancient dune fields now stabilized
by vegetation. These dunes appear to have been shaped by prevailing
winds from the northeast. A prominent dunal area is distinguished as the
Wakulla Sand Hills (Fig. 15) and may represent the Pamlico Shoreline. Most
streams are subterrainian, and the region is remarkable free of creeks.

The northwestern portion of the Woodville Karst Plain is distinguished
as the Lake Munson Hills (Hendry and Sproul 1966). Lake Bradford, Lake
Munson, and the Dismal Sink area are included in this region. These sand-
hills are 10-17 meters higher than the rest of the Woodville Karst Plain.
Impermeable clastics separate to some extent the sands from the limestone.
As a result, the land surface has not been lowered by solution, as was the
case for most of the Aucilla Karst Plain. Circular lakes of sinkhole
origin are common here but not elsewhere in the Woodville Karst Plain.

The Lake Munson Hills may represent the highly modified remnants of barrier
islands from Wicomico times.

The coastal region of the Aucilla Karst Plain is distinguishable as

the Marsh Strip. The limestone is mostly within 2 meters of the surface

and is covered by sand and/or peat derived from tidal marsh vegetation.
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Many circular and presumably sinkhole ponds interrupt the tidal marshes
and are often connected by tidal creeks. A dragline once cracked through
the limestone while constructing dikes near the St. Marks lighthouse
(Fig. 13) in the 1930's. A spring has since emanated from this crack.

The Citronelle Formation caps most of the Western Highlands, New
Hope Ridge, and Grand Ridge (Fig. 23). In the western panhandie the
bedrock is particularly deep (Figs. 27, 30). Solution and resultant
karst features are nearly precluded by the great depth of the Citronelle,
by the lenses of clay and other impermeable materials embedded within the
sands of the Citronelle, and by older impermeable clastics between the
Citronelle and the limestone.

The Marianna Lowlands were once highlands with elevations comparable
to those of the Northern Highlands (Fig. 15). Streams severely dissected
and eroded the Miocene clastics, substantially lowering the elevation of
the region and exposing bedrock in many places. Several isolated hills,
shown in Figure 15 as the Washington County OQutliers, are remnants of
the former upland, which were spared from erosion. One of these, Falling
Water Hills, is shown in Figure 28. Removal of the Miocene clastics was
initiated by the Chattahoochee River which once crossed the region. Its
flow was captured and its valley abandoned. This valley was in excess
of 70 meters deep but is now completely filled by sediments. The terrain
is essentially flat, and the valley was discovered after examining cores
obtained by well drillers (Moore 1955). The Flint and Apalachicola rivers
removed additional clastics. These rivers once flowed through the region

but later migrated in a southeasterly direction to their present position.
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The rate of solution of limestone was probably slow until the 7

limestone was exposed by the removal of Miocene clastics. The lowering
of the Marianna Lowlands by solution is thought to have been of minor
significance with respect to the removal of clastics.
-, The Marsh Strip is limited inland by a wave cut scarp and other
dune and beach ridge features which constitute the Silver Bluff shore-
. line. This shoreline is 1.7-2 m above present mean sea level and was
formed about 5,000 BP when sea level was higher (Murali 1976). Wave

energy was greater when sea level was higher. Marine sands were carried

by waves to the shore and were reworked into the Silver Bluff features.
The fire tower on State Route 59 near the St. Marks lighthouse was built
on the Silver Bluff Shoreline (Fig. 13).

The rest of the Aucilla Karst Plain from Taylor County eastward ‘ii
lacks prominent or easily distinguishable physiography. Harper (1914)
recognized the near-coastal region as Gulf Hammock, which is definable
more by its swamps and wet flatwoods than by its physiography. Like
much of the panhandle, the eastern part of the Aucilla Karst Plain
needs physiographic clarification.

The Western Lowlands are characterized by flat terraces of Plio-
Pleistocene sands and by an absence of karst features. The eastern
portion of these lowlands is called the Apalachicola Coastal Low lands
(Fig. 15). This region was named by Hendry and Sproul (1966) and en-
compasses the lower Apalachicola River Basin and the lower Ochlockonee
River Basin. Impermeable Miocene clastics separate the surficial sands

from the limestone beneath, or the limestone lies at such depths that

..".
N

solution is negligible and its effects are masked by the thickness of

the overburden,
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In contrast to the Aucilla Karst Plain, the Western Lowlands have
not been lowered noticably by solution. Going from the western edge of
the Aucilla Karst Plain onto the Western Lowlands involves a rise in
elevation of 17 meters in as little as 3 kilometers (or about 50 feet in
2 miles). This change in elevation is readily appreciated by driving
northwestward on State Route 267 from the intersection of State Route
369 in Wakulla County (Fig. 10). This journey begins on flat dry well
drained sands. Soon one ascends gradually. After 6 miles one is about

80 feet higher in elevation. The terrain is moist and swampy. Drainage

is inhibited by impermeable clastics of the Jackson Bluff Formation
which underlie the surficial sands.

The route of this journey would be comparable to traversing those
portions of Figure 19 labeled "11" and "12". Streams that drain eastward
from the Western Lowlands go underground upon reaching the Aucilla
Karst Plain, also as shown in Figure 19.

Water that is not removed from the Western Lowlands by evapotranspiration
ejther remains trapped in irregular basins containing acid swamps or ponds,
or it moves downhill through the porous sands above the impermeable stratum.
The rate of movement is slow because of the absence of appreciable slope.
The water may eventually reach steeper hillsides, ravines, or river bluffs
where it seeps to the surface and evaporates or emanates as springs. It
may also enter a river, lake, or swamp.

Puri and Vernon (1964) recognized Greenhead Slope, Fountain Slope,
and Beacon Slope in the northern portion of the Western Lowlands (Fig. 15).

Although recognizable as landforms, these slopes contain the same vegeta-

tion as elsewhere in the lowlands.
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Coastal topography associated with the present shoreline constitutes
the Beach Strip of the Western Lowlands (Fig. 15). This strip conforms
X somewhat to the Silver Bluff terrace but not as nicely as in the Marsh
Strip. Sands of the Silver Bluff Shoreline in Franklin County drifted
closer to the coast and now form high dunes. This dune formation is cailed
Royal Bluff and is traversed by U.S. Route 98 east of Carrabelle. Peats
dated at 6,000 BP underlie Royal Bluff and suggest its aeolian deposition
over these peats shortly thereafter.
The topography diagrammed in Figure 20a is typical for much of the
coast. A tall foredune rises abruptly not far from the high tide mark,
A low dune field lies behind the foredune. These dunes become smaller
with distance from the beach and finally grade into an overwash plain.

This description fits much of Santa Rosa Island, Alligator Point, and

central St. George Island. Beach ridges are most prominent in the general

vicinity of Cape San Blas. Figure 20b portrays the topography of St.

Josephs Spit off Cape San Blas. St. Vincent Island consists primarily PALA
of groups of beach ridges, the oldest of which are nearest the mainland =

“a
and the youngest towards the Gulf (Tanner 1974). ;ﬁii

St. George Island exemplifies the topographic diversity of the pre- 7-*5j
sent barrier islands and spits. The western tip consists mainly of
beach ridge systems, much 1ike St. Vincent Island. Dune fields charac-
terize the middie portion. The eastern tip is a large overwash plain.
A spit angles northwestward from near the eastern end and encloses Rattle-
snake Cove. This spit consists of an abrupt, central beach ridge flanked
by an overwash plain.

The physiographic diversity of St. George Island and other barrier

islands and spits suggests a complicated history of development. They
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may have formed initially during the Pleistocene. With the great fluc- NN

tuations in Pleistocene sea levels, they must have been alternately sub-

merged and stranded far inland. They must have been subjected to aggradation,
erosion, and reworking of materials during these cycles. Differences in
currents, wave energy, wind strength, wind direction, availability of
sediments, and type of sediments all would have contributed to the phy-
siographic diversity.

Much of Franklin County interior from the Beach Strip constitutes
a topographic Tow which Healy (1975) mostly mapped as Silver Bluff terrace.
The western portion of this region is known as Tates Hell (Figs. 11, 12).
It lies roughly between the towns of Carrabelle and Sumatra and consists
of bogs and shallow swamps. The topographic low northeast of Carrabelle
was mapped by Puri and Vernon (1964) as Interlevee Swamps and Bays (Fig. 15).
Two relict bars are shown in Tates Hell in Figure 15. These were once
barrier islands dating to the Sangomon interglacial period when sea level
was higher (Brenneman 1957).

Puri and Vernon (1964) mapped another relict bar about 20 miles long
in northwestern Wakulla County. It begins at the edge of the Lake
Munson Hills (Fig. 15) and extends southwestward to the Ochlockonee River
at Smith Creek. It may represent a barrier island associated with the
Wicomico shoreline. It forms the northern border of Bradwell Bay, a

large circular acid swamp about 6 miles in diameter.

Early Literature. The older publications of the Florida Geological

Survey include some general descriptions, including Sellards (1917),
Sellards and Gunter (1918) and Cooke (1939). Some of these are valuable

for their photographs of habitats containing original vegetation.
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8. RIVERS
River Types. There are three basic types of rivers in the panhandle.
Each river either represents one of these types or shares characteristics
of two or all three types. The first type is the large, alluvial river

which carries a heavy load of sediments. The water is turbid and brown
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from the silt-clay fraction of the sediments. This silt-clay fraction is
contributed by the erosion of fine-textured formations in the watershed.

This fraction is augmented by the relative rapid erosion of agricultural
fields in hilly terrain. The watersheds are generally large, compared to
those of the other river types. The pH is circumneutral. The discharge
varies seasonally, and substantial flooding occurs annually. The Apalachicola
River and the Choctawhatchee River are the best examples.

The second type is the black water river which assumes the color of

strong tea from the high concentration of tannins and other organic acids.
These substances are leached from the sandy pinelands and particularly the
peaty swamps that border these rivers. The pH often falls between 3.4 and
5.9. These rivers are mostly small to moderate in size, both from the
standpoint of discharge and watershed. They may carry a sandy alluvium during
periods of high discharge. The silt-clay fraction is virtually absent, owing
to the sandy consistency of the watershed and to the flat, well vegetated
terrain in which erosion is minimal. The upper Suwannee River, the Sopchoppy
River, and New River are examples.

The third type is the clear, calcareous spring run, which is fed by
springs emanating from caves or fractures in the limestone channel. En-

vironmental conditions are usually constant because of the continuous flow

W
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of subterrainian water from springs. The pH is slightly alkaline, the
water temperature is cool year around, the water is hard, and the water
level fluctuates relatively little. The sediment load is generally small
in spite of the sometimes swift currents. Erosion of sediments into
spring runs is minimal, owing to gentle, well vegetated slopes and only
nominal flooding in wet seasons. The sandy bottoms are stabilized by
dense growths of rooted aquatic plants; however, much of the bottom
consists of exposed limestone. The Wakulla River and the Wacissa River
are prime examples.

Most rivers in the panhandle are black water, but many of these are
partialiy spring-fed, either by short spring runs that enter as tributaries
or as spring-boils along the bottom. The Suwannee River has its head
waters in the Okeefenokee Swamp in southeastern Georgia, and it drains the
western part of that swamp. Highly acid, darkly stained waters characterize
the upper Suwannee. Approaching the town of White Springs (Hamilton Co.),
the bottom consists mostly of limestone, from which clear spring water boils
in many places. This spring water is at least partially responsible for
the increase in pH downstream. Near White Springs the pH drops as low
as 3.5 but increases to 6.8 near the mouth (USGS 1973). During the dry
seasons when the discharge is minimal, much of the water flowing into the
Suwannee comes from springs. During wet seasons the river is charged with
highly acid and deeply colored water that enters as runoff. The Ochlockonee
River combines the features of all three river types: brown water, black
water, and spring runs.

The factors that determine the type of river are water quality (pH,

conductance, color, hardness, Kaufman 1970, 1975, Slack and Kaufman 1975),
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quantity and type of sediment load (sand, silt, clay), and discharge.
Discharge is defined as the volume of water that passes a given point
within a given period of time. It is often expressed as cubic feet per
second (cfs). Both the size of the sediment load and the erosional
properties of a river are proportional to its discharge. Beck (1965) com-
mented further on Florida streams. Conover and Leach (1975) mapped the

river basins of Florida.

Discharge. Table 5 gives the mean monthly discharge for five rivers
in the panhandle for one year. The values for April are unusually high
because of heavy rains. There is considerable variation in discharge
from month to month on each river. Discharge tends to be low in all rivers
in the autumn and high in the spring. The autumn season is usually marked
by low rainfall and high temperatures. Much of the water from rain is
removed by evapotranspiration before it can reach streams as runoff.

Heavy rains in the late winter and in early spring, coupled with cool
temperatures and low evapotranspiration, account for the high discharges
in the spring. Low stream flow data were compiled by Stone (1974) for
Florida rivers. Snell and Kenner (1974) elaborated further on discharge.

Monthly changes in mean discharge are not necessarily parallel from
river to river. The Apalachicola River is the only river in Florida
with its headwaters in the Piedmont and southern Appalachians. All other
rivers begin in the coastal plain. As a result, the volume of water in
the Apalachicola River channel reflects hydrological conditions in
northern Georgia and Alabama and is little affected by Tocal rainfall.

The Aucilla River and other small streams with limited watersheds are

PSP
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| TABLE 5. Mean Monthly Discharge (cfs) in 1972-73 (USGS, 1973).
' River: APALACHICOLA  SUWANNEE  ESCAMBIA  YELLOW  AUCILLA
;3 Nearby
i City: Blountstown Wilcox Century Milligan Lamont
: October 10,010 5,552 868 229 6
November 10,710 5,203 1,654 464 10
'I December 33,440 5,775 10,410 2,730 59
January 46,380 7,595 10,690 2,677 172
February 63,360 15,040 14,330 2,502 1,028
i March 45,230 18,410 21,060 3,175 625
April 73,970 38,790 31,410 3,109 6,000
May 39,760 28,690 11,500 2,007 774
l June 42,410 20,500 10,540 2,114 921 w
, July 19,640 17,550 4,323 823 333 I::\-:
g August 19,590 13,760 4,372 749 209 23
" n.‘:
i September 15,020 10,240 3,589 585 128 s
"
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especially prone to widely fluctuating discharges because of localized
rainfall and sometimes because of the hydrological vagaries of karst
topography. Hurricanes cause record discharges in small streams during
the autumn when flow is normally minimal.

Table 6gives discharge data for the larger rivers of the panhandie.
These data apply only to the positions of the gaging stations and not
to entire rivers. The first column gives the average monthly discharge,
based on at least 16 years of data. The next two columns give the highest
and the lowest monthly discharges tallied during the years of record. The
extremes in discharge for a river are striking. These extremes are least

in the Wakulla River, which is spring-fed.

River Stage. River level or "stage" changes with discharge. The
vertical distance between the maximum and minimum stages recorded for
each river is given in Table 6. These values are also striking for their
magnitude. There is little correlation, though, between these values and
average discharge, the area of the watershed, or any other statistic in
the table. The height of the water column in the river channel is largely
a function of not only absolute discharge, but also the width of the
floodplain, the steepness of the valley, and the rapidity of change in

discharge rates. The percentage of the time during a year that a river

is at any given height can be plotted against height to give a stage-duration

curve. Figure 31 is the stage-duration curve for the Apalachicola River at
Blountstown.

Rivers are at flood stage when they overflow their banks and spread

onto adjacent terraces called floodplains. Both discharge and sediment load

are highest at flood stage. Upon overflowing the water soon loses its
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TABLE 6. River Discharge Data.

Discharge (cfs) Extremes Drainage Feet

? River and in River Area Above
- Nearby City Average Maximum Minimum Level (ft.) (mi?) ms]
APALACHICOLA
Blountstown 24,190 162,500 6,280 2?2 17,600 27
SUWANNEE
Wilcox 10,610 84,700 3,270 21 9,730 0
CHOCTAWHATCHEE
Bruce 6,985 69,600 1,290 17 4,384 4
ESCAMBIA
Century 6,016 77,200 578 20 3,817 28
SUWANNEE
White Springs 1,888 38,100 5 39 2,390 49
OCHLOCKONEE
Bloxham 1,614 89,400 107 30 1,720 25
CHIPOLA
Altha 1,481 25,000 330 26 781 20
YELLOW
Milligan 1,124 28,000 131 15 624 45
SHOAL
i Crestview 1,051 21,700 240 13 474 47
. PERDIDO
i Barrineau 729 39,000 188 23 394 26
) HOLMES CREEK
Vernon 668 10,900 234 13 386 1
ST. MARKS
Newport 666 4,750 310 8 535 17
ECONFINA CREEK
Bennett 527 4,860 307 8 122 1
WAKULLA
Wakulla Springs 386 1,910 25 5 0 4
AUCILLA
Lamont 362 11,500 0 12 747 43
STEINHATCHEE
Cross City 330 17,600 3 17 350 8
BLACKWATER
Baker 305 26,200 60 24 205 61

Data are from USGS (1973) and r:present 16-48 years of records at each
site, except Wakulla Springs where data are based on 271 readings taken
since 1907. The minimum discharge at Bloxham is based on 1973 data.
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velocity from friction with the soil and with the vegetation. With loss
in velocity the heaviest particles of the sediment, mainly sand grains,
settle and are deposited on the floodplain near the river bank. Suc-

cessive flood stages allow the aggradation of sediments into ridges called

b, levees which parallel the river on either side. Levees are typically
the tallest and best drained land forms on floodplains.

h The best developed levees are along the Apalachicola River. The
enormous discharge of the river has produced many levees 2-3 meters tall

. and 30 or more meters wide. In contrast, the levees along the St. Marks

River in southern Leon County are a few centimeters tall and about a meter
wide.

Silts and clays remain in suspension and are carried beyond the
Tevees across the floodplain. If the velocity is sufficient, these
sediments are swept back into the channel. If the discharge is more
moderate, these sediments either settle out evenly across the floodplain,
or the water becomes trapped in depressions, allowing the deposition
of sediments in these depressions.

Leitman (personal communication of thesis research data, 1978) dis-
covered that channel stage often varied independently of water depth on
the floodplain of the Apalachicola River. At flood stage the water's
surface in the channel was essentially at the same elevation as the sur-
face of the water on the floodplain. When the water Tevel fell below
flood stage in the channel, higher water levels were retained on the
floodplain for days or weeks because of the slow return of water back
into the channel. The return of water was hindered by friction with

the soil and with the vegetation, obstruction by levees and other topogra-

phic highs, retention ir temporary ponds and other topographic lows, and :j;?:
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retention as capillary water in the mostly fine-textured soils. Local

4 ain

7

rains also kept water levels high on the floodplain. In the mean time,

R A,

the river level stayed below flood stage in the channel but fluctuated
widely, reflecting hydrological conditions far away in Georgia and Alabama
rather than local conditions.

Leitman's study showed that soils are flooded or saturated longer
on floodplains than a stage-duration curve for the river channel would
indicate. The duration of flooding and saturation varies widely from
place to place on a floodplain, depending on elevation, topographic
irregularities that affect drainage, and the drainage characteristics

of the soil.

Geology of Valleys. There is a general tendency for the rivers of

Q!- the panhandle to run from northeast to southwest. Hendry and Sproul
(1966) assumed that river channels follow fractures in the underlying
rock formations. The fractures are mostly in a northeast-southwest
direction, as is revealed by linear trends on topographic maps and aerial
photo mosaics. They also noted that rivers tend to have higher and
steeper bluffs on the east side and more gentle slopes on the west side.
Marsh (1966) explained that tendency as follows. "“The regional south
to southwestward dip of the rocks has apparently caused many streams

to erode their banks more strongly in that direction, making these banks

much steeper than those on the opposite side." This process is called

homoclinal shifting.
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The larger rivers of the panhandle are characterized by broad

valleys through which meandering channels traverse well developed
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floodplains. The valleys are commonly defined by relatively steep slopes
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or bluffs on the east side and gentler slopes on the west side. The bluffs
and slopes are interrupted occasionally by the ravines of tributary
creeks. These mature valleys presumable began as narrow, steep-sided
upland valleys, in which the water flowed swiftly in a straight channel.
Upon reaching the flat lowlands, the channel became i11 defined, and the
flow fanned out over a broad area. Such youthful streams are common on
the Cody Scarp, and some are traversed by State Route 20 in western Leon
County (Figs. 9, 10).

In time, the upland valley became deeper and the channels became
better defined in the lowlands. Moving water deepened the channels by
removing clastics. Acids in the water dissolved channels through Timestone.

The bedload of rocks and gravel bounced along the bottom, further gouging

out the channél. -~
Later the channel widened from side cutting. Further widening
resulted from the erosion of the slopes (mass wasting) and the transport
of the eroded materials as part of the sediment load and the bedload.
Finally the base level was reached, below which further erosion was
impossible without a drop in sea level. Extensive side cutting con-
tinued after the base level was attained, further broadening the
valley.
The formerly straight channel became sinuous and later began to
meander in broad curves on the widening floodplain. This meandering
was in response to differences in elevation and erodability of the flood-
plain. The length of the channel more than doubled from the head of the
river to its mouth because of this meandering. The increased length

created more surface along the bottom for friction with the flowing water,
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Additional friction was caused by currents directed against the sides of

L

7

the channel at the outside curves. Even more friction was caused at flood
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stage when flood waters passed over the floodplain. Because of increased
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friction, the kinetic energy of the water, and thus its velocity, was

>

2.

considerably reduced upon reaching the Guif, as compared to times when
the channel was straight.

The current tends to zigzag across the river, striking the outside
curves and avoiding the inside curves (Fig. 32). The sides of the outside

curves are subject to erosion and undercutting. The eroded materials are
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transported to the next inside curve, where slack water causes their
deposition. A shoal aggrades as these sediments accumulate and extend
the inside curve into an elongated point bar. This process continues
g.‘ until a sinuous channel becomes one of broad, "S" shaped curves.
Eventually the point bar becomes so elongated that the angle of
flow is too great to divert the current around the bar. The current
erodes a cut across the base of the bar, and that part of the channel
looping around the point bar is abandoned. This loop is now called a

sTough. A levee eventually seals the upstream entrance to the slough

ti‘

and later the downstream entrance, forming what is called an ox-bow lake.
This lake gradually fills with sediments and assumes the level of the sur-
rounding floodplain. In the meantime, the new cut begins to meander

because of differential erosion and aggradation.
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Steepheads. The tributary creeks are either dendritic or trellised.

L)

From the Ochlockonee River westward many creeks are trellised and occupy

deep, narrow ravines. These creeks begin as springs issuing from the
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Figure 32, Topographic aspects of floodplains,
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base of a steep slope at the head of a ravine. This slope is called a
steephead (Sellards and Gunter 1918, Vernon 1942a, Marsh 1966, Means 1977).
Steepheads form only in flat regions with deep, porous sands which absorb
rain before it can runoff. The water percolates to a less permeable
formation and moves laterally until it emerges as a spring at the base
of a ravine. The spring undercuts the ravine, causing the sand above to
slump into the spring. This sand is transported by the creek, and under-
cutting and slumping continue.

Repeated slumping increases the steepness of the slope of the steep-
head. This slope may exceed 30 meters in vertical relief in some streams,
such as the Little Sweetwater Creek and other tributaries of the Apalachi-
cola River in Liberty and Gadsden counties (Fig. 9). The angle of the
steephead is steepest where the sand is most cohesive or compacted and thus
resistant to erosion. The valleys continue to elongate as the face of
the steephead is eroded. Since the erosion is from a near-vertical sur-
face, it appears as if the floor at the head of a creek is nearly at the

same elevation as at its mouth.

Tributary Valley ‘akes. The Apalachicola and Choctawhatchee rivers

have the highest discharges of the panhandle rivers and carry a heavy
sediment load. Alluviation of their valleys is rapid. Levees and flood-

plains aggrade continually. Their tributary creeks have a much reduced

discharge and scarcely any sediment load. As a result, the mouths of some
tributaries have been partially sealed by levees. Water backs up and
drowns the Tower ends of their valleys to form what are called tributary
valley lakes. The largest and best known example is Dead Lake which

formed when levees of the Apalachicola River sealed the mouth of the
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Chipola River (Fig. 11). R ;if;
Vernon (1942b) said that the bottom of Dead Lake is 5-10 feet deeper jféi
than the bottom of the Apalachicola River. The lake basin is as much as §§£f
25 feet lower than the floodplain of the Apalachicola River. These figures &
show the magnitude of aggradation in the Apalachicola Valley. E;E
Since the formation of Dead Lake, the main channel of the Apalachicola Ei:

River migrated eastward to its present position. A new series of levees
were aggraded during this migration, obliterating the former lower end of B

the Chipola River below Dead Lake. An overflow channel from Dead Lake now

occupies abandoned channel segments of the Apalachicola River and also some .
inter-levee lowlands. This channel ultimately joins the Apalachicola River. ?;:
Later the Apalachicola River formed a new cut between its present EES
channel and the overflow channel where it joins Dead Lake. This distribu- PR Ej}.
tary is called the Chipola Cutoff. It is forming a levee which is en- d !
croaching on the lower end of Dead Lake. Vernon (1942a) suggested that ES;
the Chipola Cutoff may become the main channel of the Apalachicola River. iii
Williams (1827) wrote, "Thirty miles below this spring, an arm of :E:
the Apalachicola has lately burst into the Chipola, and formed a Take Eﬁ;.
twenty miles in length, and seven miles wide, in which the forests are ;ﬁi
yet standing." Living cypress trees still persist in the lake today. ;;5
A Tow damwas placed at the lTower end of Dead Lake to maintain minimum é;;
depth. Lake level is almost always higher than the dam, over which water ;:%;
passes without obstacle. éf;
Tributary valley lakes also occur along the Choctawhatchee River i}i
at Pinelog Creek, Holmes Creek, Wrights Creek, and Sandy Creek (Vernon 1942a). 3?:
A1) have dying vegetation which speaks for their recency of formation. The is& 5}5
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lower ends of these lakes are 5-10 feet deeper than the Choctawhatchee
River, and its floodplain is up to 15 feet higher than the surface of the

lakes. A1l have distributaries similar to the Chipola Cutoff.

Back Swamps. Partially filled sloughs and other wet depressions are
sometimes largely protected from annual flushing on floodplains. Such
depressions are called back swamps. They may be protected by one or more
levees which were stranded when the main channel migrated to the far side
of the floodplain. Other origins are also possible. Any flood waters
that reach a back swamp have lost their velocity and are ineffective in
flushing detritus. As a result, acid peats accumulate. Swamps along
intermittent creeks often have the vegetation and physical characteristics

of back swamps, including low pH, peat aggradation, and nominal flooding.

Floodplain Sedimentation. The floodplains of the major alluvial rivers

have been aggrading substantially, as evidenced by the formation of the
tributary valley lakes. This aggradation coincides with a recent eustatic
rise in sea level (Fig. 22). As sea level rises, the base level of the
valleys also rises, promoting aggradation of sediments. As sea level
drops, the kinetic energy of the water at a given point in the valley is
proportionately greater. If sufficiently great, erosion is faster than
aggradation. Previously deposited alluvium and other transportable materials
are removed.

Schnable and Goodell (1968) presented evidence for the removal of
materials from the Apalachicola River Valley (Fig. 33). Miocene limestone
underlies late Pleistocene and recent sediments at the mouth ot the river.

During glacial maxima, the shoreline was near the continental shelf, which
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Figure 33, Cross-section, Cape San Blas to St. Teresa,
Modified from Schnable and Goodell (1968).
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would allow for the erosion of materials in the river valley. During
these erosional cycles, any late Miocene, Pliocene, and early Pleistocene
clastics were removed. With rising sea level, aggradation resumed, filling
the valley to its present level. The drowned and sediment-filled valley of
the Apalachicola River has been traced across St. George Island and well
into the Gulf. Vernon (1942a) traced the drowned valley of the Choctawhat-

chee River 8 miles into the Gulf.

Regional Water Tables. The drop in sea level in glacial periods not

only caused the erosion of valleys but also lowered river levels relative
to the surrounding uplands. A botanically significant consequence of this
Towering of river levels was a proportional depression in water tables
(Vernon 1942a, Moore 1955, Martin and Webb 1974). As a result, hydric
habitats became mesic, mesic habitats became xeric, and xeric habitats
became semi-desserts. Evidence for this trend towards drier habitats was
given by Watts (1971). He studied pollen stratigraphy in peat from lake
bottoms near the Okefenokee Swamp and from peninsular Florida. He found

that the lakes were dry at about the height of the Wisconsin glaciation.
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9. LAKES

Lake Origins. The lakes of the panhandle are numerous (Table 7) and
may be classified according to their mode of origin. The origin of several
kinds of lakes already have been described. These are sinkholes, ox-bows,
prairies, and tributary valley lakes. Sinkhole lakes are generally smail,
circular, and deep. Many have filled with sand, forming shallow lakes
with sandy bottoms. Lakes of the Lake Munson Hills are mostly sinkhole
lakes (Fig. 15).

Ox-bow lakes and others formed from abandoned rivers initially assume
the form of the channels from which they were derived. Subsequent deposi-
tion of sediments may be uneven. One end may fill but not the other, or
the central portion may fill but not the ends. The resulting ponds are
smaller and of different shapes from the original channel. Large lakes
may be left stranded on abandoned valleys. Ocheesee Pond, which is three
miles long and nearly half as wide, occupies an abandoned floodplain of
the Apalachicola River in Jackson County. This lake is four miles
west of the present river valley.

Many small Takes of the coastal lowlands occupy shallow depressions
which are underlain by impermeable strata which perch the water table
above the soil surface. Some of these strata are clayey Miocene clastics,
such as the Jackson Bluff Formation (Fig. 23). Others are hardpans, such
as sand cemented by limonite into sandstone, as commonly occurs in the
Citronelle of the western panhandle (Marsh 1966).

Several lakes in the Tallahassee Hills of Leon County and perhaps

elsewhere have had a more complex origin. These lakes include Lake

Miccosukee (6,312 acres), Lake Jackson (4,001 acres), and Lake Iamonia
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TABLE 7. Mumber of Named Lakes and A1l Unnamed

Lakes of at Least 10 Acres (Hughes, 1974). oS

. 3

Bay 49 o
Calhoun 36
Dixie 76
Escambia 26
Franklin 29
Gadsden 34
Gulf 9
Hamilton 27
Holmes 62
Jackson 323
Jefferson 55
Lafayette 66
Leon m
Liberty 30
Madison 113
Okaloosa 58
Santa Rosa 47
Taylor 96
Wakulla 44
Walton 90
Washington _ 279
TOTAL 1,660
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A (Figs. 1, 10). A1l are about 5-6 miles long with irregular, somewhat

elongated outlines. Sellards (1910) suggested that such lakes developed
in the valleys of small streams. Sinkholes formed in these valleys and
enlarged them into broad basins at a time when the superficial layers of
limestone were not saturated with water. Solution further Towered the
floor of these basins. Water was trapped in them to form lakes.

Lake Miccosukee was thought to have developed this way in the upper

St. Marks River. The river was shortened by the formation of the lake.

Today, overflow from the lake eventually reaches the headwaters of the
St. Marks River.
white (1958) challenged Sellard's theory. He suggested that the
lake basins were formed at times of high water tables. Acidized ground-
b‘ water moved laterally through the surficial clastics, dissolving the sur-
‘ face of the underlying limestone. Lake basins were formed wherever the
limestone was more quickly solubte than elsewhere. Subsequent solution
activity caused the formation of sinkholes, which were not involved in
the formation of the lake basins, according to White. Instead, sinkhole
formation was a secondary event which destroyed the ability of these

basins to hold water without Teakage.

Water Levels. An outstanding feature of virtually all natural lakes
of the panhandle is that they drain or dry out completely, often after
several successive years of below normal rainfall. For example, lLake
lamonia was dry in 1931, Lake Bradford in 1955, and Lake Jackson in 1957
(Hendry and Sproul 1966, Hughes 1967). Lack of rain and runoff, coupled

with evaporation from the surface and transpiration of the emergent
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i aquatic vegetation, is sufficient to dry out some lakes. Others drain
! into aquifers through sinkholes that are normally plugged by sediments or
detritus but occasionally become open.
f On the other hand, abnormally high rain can cause high water levels.
~ Lake Jackson reached a record depth of 21 feet in 1966 after two years
.~ marked by heavy rains (Hughes 1969). Besides rainfall and runoff, some
lakes receive water from the ground-water and sometimes directly from
aquifers. Lake Iamonia receives water from the nearby Ochlockonee River
at floodstage.

Many lakes in the panhandle are merely wet weather catch basins which
;Z dry out for at least part of each year. Some of these are prairies in
. the sense of Vernon (1942). Some of these are small and others extensive,

including Lake Lafayette in the Tallahassee Hills of Leon County. This

- lake normally contains shallow water in only part of its basin. Lake
Miccosukee and several other lakes normally are very shallow and seasonally
dry over much of their basins, but water control structures have been built
to maintain high water levels. The level of Lake Miccosukee is kept high
by a low dam at the south end that retards the outflow and by an earthen

dam at the north end that surrounds a sinkhole.

Reservoirs. Some lakes were created by the construction of dams across

;E rivers. The largest of these are Lake Seminole, Lake Talquin, and Deer

y Point Lake (Figs. 8-10). Lake Seminole was formed by the construction of

'; the Jim Woodruff dam across the upper end of the Apalachicola River. The

é Apalachicola is formed by the confluence of the Flint and Chattahochee rivers,

and Lake Seminole occupies their lower valleys. The lake covers 37,500

acres in Florida, Georgia, and Alabama. The dam was completed in May, 1954,
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and the reservoir was filled by February, 1957. The lake was called
Jim Woodruff Reservoir until 1957. Since then its water level has been
controlled within a vertical range of 5 feet (USGS 1973).

Lake Talquin was created in 1930 by damming the Ochlockonee River
near Jackson Bluff. The lake covers 6,850 acres of narrow, steep river
valley. Its water level is kept nearly constant, except in 1957 when
the dam breached and the level dropped about 20 feet. Deer Point Lake
is in Bay County and was formed in 1961 by a dam across the Econfina
Creek where it enters North Bay near Panama City. It covers 4,968 acres
and its water level has fluctuated subsequently within about 2 feet (USGS

1973).

Lake Bradford Chain. Lake Bradford (182 acres)is a well known

recreational lake on the southwest edge of Tallahassee in the Lake Munson
Hills. It is up to 16 feet deep but was dry in 1957. It loses water
through sinkholes on its eastern edge, but these were plugged in 1954,
When nearly full it is connected to a chain of similar lakes by Bradford
Brook. This chain occupies a lowland that begins at the Ochlockonee
River and continues eastward through Lake Munson (Figs. 10, 13). The
drainage turns south through Munson Slough, an intermittent creek that
accepts overflow from Lake Munson. The lowland continues into Wakulla
County, connects with MacBrides Slough, and enters the Wakulla River
shortly below Wakulla Springs. Hendry and Sproul (1966) suggested that
this entire Towland once was a channel of the Ochlockonee River. Stream
capture rerouted the Ochlockonee to its present course and caused the

former channel to be abandoned.

.
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Other Lakes. Southern Washington County contains many small lakes N [
(Fig. 8). Gages on three of them showed that lake levels have fluctuated g;;
by as much as 20 feet during the years of record (USGS 1973). These 355
N ’,\ ?

lakes and their vertical fluctuations are Porter Lake (929 acres) 20 \'l
feet, Guliy Lake (171 acres) 15 feet, and Wages Pond (100 acres) 13 feet. !!?
o

There are scarcely any data available on the water quality of O

e

the lakes of the panhandle, although such data are being compiled by v
governmental agencies. Data by the USGS (1973) are not comparable for 5§f
the few lakes being monitored. Some lakes are highly colored with tannins &;&
and other lakes are clear, suggesting wide differences in water chemistry. iég
Basic limnological studies are unaccountably lacking for the panhandle. o
o,
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10. AQUIFERS

An aquifer is a body of water which fills the cavities and interstitial
spaces in any geological stratum of rock or clastic material. The ground
water aquifer is charged mainly by rain which percolates into the soil until
it is interrupted by an impermeable stratum. The top of the ground water
aquifer is called the water table. The water table is generally deeper on
hilltops and ridges than in valleys and basins, because the ground water
tends to move downhill above the impermeable stratum. The speed of this
movement is regulated by the amount of rainfall, the steepness of the
gradient, and the permeability of the stratum in which the water is held.
Sometimes the water table rises above the soil surface in lTowlands. When
that happens the ground water discharges as springs or seepage on slopes
or directly enters lakes, streams, swamps, or other water bodies. The
height of the water table varies considerably in response primarily to
rainfall and evaporation,

The ground water aquifer is unconfined, because it is not overlain by
an impermeable stratum. Confined aquifers are forced beneath a less per-
meable stratum called a confining bed or aquiclude (Fig. 34). Water en-
ters a confined aquifer at recharge areas. These may include sinkholes,
lakes, swamps, and breaks in the confining bed which allow the entrance
of ground water from an unconfined aquifer above.

The confined aquifer is under the pressure exerted by the water in the
recharge areas. If a cased well were sunk into the confined aquifer, water
would rise in the casing because of this pressure. The level to which the
water would rise is called the potentiometric (or piezometric) surface.

The potentiometric surface is not constant but fluctuates in response
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Water table

Potentiometric surface of
confined aquifer

P 3

(2R
Confined aquifer J/%

Figure 34. Aquifers. Arrows denote base flow of the ground water,
Modified from Hughes (1974).
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to recharge and discharge.

Discharge areas for confined aquifers, like those of unconfined
aquifers, may include springs, seepage slopes, lakes, streams, and other
water bodies but with an important qualification. The discharge area
for a confined aquifer must be lower than the potentiometric surface
(Fig. 34). In contrast, the discharge area for an unconfined aquifer
is independent of the potentiometric surface of a confined aquifer
beneath. The water table itself is the potentiometric surface of the
ground water aquifer.

In Figure 34 Lake A is above the potentiometric surface and serves

as a recharge area for the confined aquifer. Lake B is below the poten-

tiometric surface and serves as a discharge area for the confined aquifer.

Water moves between the confined and unconfined aquifers through breaks
in the confining bed. Both lakes receive and release water to the un-
confined aquifer as the ground water moves downhill.

If the potentiometric surface drops, Lake B will become a recharge
area. This could happen regularly in dry seasons. If the potentiometric
surface rises slightly, part of Lake A will be a discharge area and the
other part a recharge area.

An understanding of the relationship of lakes to aquifers helps
explain why some lakes fluctuate widely in water level and others very
little. Lake Bradford fluctuates little but nearby Lake Cascade fills
to a depth of 2-3 meters and drains in a matter of days or weeks. Both

lakes are connected by Bradford Brook. The factors which cause lake

levels to fluctuate are as follows:
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\ .
: 1. Position of the potentiometric surface in relation to the surface of f;j
: the lake. In general, lakes serving as recharge areas fluctuate more
g widely than those serving as discharge areas.
2. Ease of passage of water through sinkholes or bottom sediments between
the lake and the confined aquifer.
3. Hydrological conductivity of the materials along the path of flow in
the unconfined aquifer. The higher the conductivity, the greater the
volume of water that enters or leaves a lake in a given time span.
4. Amount of rainfall.
5. Inflow of water from runoff after rain.
6. Size of the watershed contributing runoff.
7. The slope and permeability of the surface of the watershed. Steep
slopes and impermeability augment runoff, .
8. Physical restrictions, such as small channel size, that may retard the
rate of overflow from a lake basin.
9. Evaporation from the surface of the lake.
10. Transpiration from emergent aquatic plants and from terrestrial vegetation
near shore.
11. Season of the year. Rates of evaporation and transpiration are augmented
by warm summer temperatures. Transpiration is especially reduced in
winter with vegetational die-back.
12. Wind. The stronger the wind, the greater the evapotranspiration. A
small lake, particularly if sunken in a depression or surrounded by
trees, receives less wind than a large, open lake. As a general rule,
Take levels tend to rise abruptly and fall more gradually and slowly.
The Floridan Aquifer is the name given to the confined aquifer of the {S:. i;i;
o~

panhandle. The depth to the top of this aquifer was mapped by Vernon (1973).
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The springs of Florida were mapped and described by Fergueson (1947) and
E Rosenau and Faulkner (1975). AN
: Lo
The loss of water from transpiration has a considerable effect on the Pq*
ket
water table, as demonstrated by Trousdell and Hoover (1955). The water sfﬁ
[ 3

' N
-

table was monitored for several years in two nearly contiguous stands of

loblolly pine and hardwoods in the coastal plain of North Carolina. The I,
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soil was a silt-loam with poor internal drainage. One stand had a much

higher transpirational surface than the other, as indicated by the collec-
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tive basal areas of the trees in each stand: 123 feetz/acre in one stand
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and 196 feetz/acre in the other. Except during the winter when transpiration

ROURAE LA ANAAY ‘SAMASRIME DRSO e

was low, the water table was consistently higher in the stand with the lesser {t{
u'..:L
basal area (Fig. 35). Later the stand with 196 feet? was cut to a basal :‘i
“‘ area of only 14 feet’. Within a month the water table rose well above that é;a
of the other stand.
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Figure 35. Effect of transpiration on the water table (modified from Trousdell
and Hoover, 1955).

The water tables beneath two nearby forest stands of similar composition are
shown, Each stand is identified by the total basal area of its trees, Basal
area is presumed to be a function Sf transpirational surface area. The 196
foot-square stand was cut to 14 ft¢ as indicated.
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A 1. SOIL
Soil is that portion of the surficial geological formation that has
been modified by the combined action of weather and organisms. The soil
is a dynamic biogeochemical system which provides anchorage for most

vascular plants and which facilitates the exchange of water and nutrients.

LS S0 ¢
BRAPAS  {aA AL, AR A | e

Most soils contain five basic components. These are . ineral matter, soil

- -

atmosphere, soil water, living organisms, and dead organic matter (detritus).

(Considerable information for this chapter came from Donahue, Miller, and

Shickluna, 1977).

Sojl Minerals. The mineral component consists of sand, silt, and clay.

These separates, as they are called, are defined by their sizes (Table 2).
Mineral soils derive their texture from the proportional distribution of
their separates. Textural designations, such as silty clay or sandy loam,
indicate the predominance of the different size classes. These designations

are defined in the soil textural triangle (Fig. 36). A soil consisting of

more than nominal amounts each of sand, silt, and clay is called a loam.
Sands of the panhandle soils are usually of quartz (Si0p). Silt may

contain various mixtures of quartz and the minerals more common to clays.

|
. *
-

Clays may contain quartz, calcium carbonate, ferromagnesians, the various

"clay minerals", and other constituents. Clay minerals are complex alumino-

silicates which form as the disintegration products of weathered rocks, par-

ticularly micas and feldspar.

Most clay minerals are crystalline in structure and consist of molecular

layers stacked Tike a deck of cards. Their net charge is usually negative.

IRl A P

As a result, cations in soil solution are attracted to their surfaces where
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they become adsorbed with varying degrees of tenacity. Hydrogen ions (H+)

'I+++)

are the most tightly held cations. Aluminum (A is a common cation.

Several cations are essential mineral nutrients for plant growth. These

++ ++4
, Fe' )

are calcium (Ca*tt), magnesium (Mg++), potassium (K*), iron (Fe .
ammonium (NH4+), and a few minor elements.

The most common clay minerals and their most prominent elements are
montmorillonite (0, Si, A1), illite (0, Si, Al, K), vermiculite (0, Si, Al,

Mg), chlorite (0, Si, Al, K, Mg, Fe), kaolinite (0, Al, Si), sesquioxides

(0, Fe, A1), and the amorphous (non-crystalline) clays (0, Al, Si). Kaolinite

is the most common clay mineral in the southeastern United States and in the
Panhandle.

Marsh (1966) described the clay lenses in the Citronelle Formation as
consisting of kaolinite. Vernon (1942) reported a pure exposure of kaolinite
on the face of a steephead. Hendry & Sproul (1966) reported kaolinite and

montmorillonite as the dominant clay minerals in the Tallahassee Hills of

Leon County.

Atmosphere. The soil atmosphere occurs in those interstitial spaces of
the soil that are not filled with water. The volume of these pores may reach
60-707 in some soils. The soil atmosphere is essential for supplying oxygen
to roots, to aerobic microorganisms, and to the soil fauna. Some plants of
hydric habitats have other sources of oxygen, and these will be considered

in a later chapter.

Water. Soil water may be divided into three categories. The first is

gravitational water, which is that portion that runs off the surface as sheet

flow or that percolates downwards, much of it below the zone of biological
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activity. The second is capillary water which is held in the capillary -

spaces between the soil particles, including both mineral and organic matter. o
The capacity of a soil to retain capillary water is generally proportional
to the surface area of the particles in a given volume of soil. Surface

area is least in a coarse sand and most in a clay. (The relationship between

particle size and surface area is demonstrated as follows: A cuboidal sand
grain 1 mm tall has a surface of 6 mm?. If this grain were cut into 64 cubes =
each 0.25 mm tall, their collective surfaces would equal 24 mm2.)

The third category is hygroscopic water which is a thin film that

adheres tightly to soil particles and is removed only as vapor by heat A
above the boiling point. Hygroscopic water is unavailable to organisms. ;{;i

Four characteristics of any given soil with regard to moisture are the L
maximum water-holding capacity, field capacity, moisture equivalent, and iji iié'

permanent wilting point. The maximum water-holding capacity is reached

when a soil is saturated. The field capacity is reached after the gravita-

tional water is removed but all capillary pores remain filled with water, o
The amount of s0il water at field capacity is about 5% for sands and 45% for

clays. Silts and loams fall between these extreme values. The percentage

of soil moisture is determined by subtacting the dry weight of the soil X ;
from its wet weight, dividing this by the dry weight, and multiplying by i ;
100. R

Field capacity is essentially the same as the moisture equivalent, ;f:i
which is the percentage of water that an initially saturated soil retains iél?«
after centrifugation for 30 - 40 minutes at 1,000 times gravity. The ;E;;\
moisture equivalent is slightly lower than field capacity for sandy soils. Ei}ﬁ

The permanent wilting point is reached when the soil moisture is in- 'le

sufficient for a plant to recover its turgidity at night after wilting during
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the day. The test plant used is often a standard crop plant like sunflower.
Values for the permanent wilting point of soils will vary according to the
species of the test plant. Recovery of a wilted plant at night growing

in a soil approaching the permanent wilting point is possible because of
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reduced transpiration and sometimes because of the absorbtion of dew by
leaves. Dew may play a much greater role than generally realized in
supplying water to plants of xeric habitats and during droughts.

Soil moisture is more precisely defined in terms of the suction pressure
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needed to pull water from the soil. The unit of suction is called a bar,
which equals 1.0127 atmospheres of pressure. Gravitational water is de-
fined as that held by less than 1/3rd bar of pressure. The permanent
wilting point is defined as the percent moisture held at 15 bars. The
moisture held at forces of suction between 1/3rd and 15 bars is called

available water and represents that held by capillarity. A few plants can

remove water slowly from soils at 60 bars. All hygroscopic water is removed

with 10,000 bars of pressure.
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Organisms. Soil organisms include both plants and animals. The
vegetational component includes bacteria, algae, fungi, and the roots and
other subterranian parts of vascular plants. Bacteria are important in
the decomposition and ultimate mineralization of detritus. Some bacteria
are important in nitrogen-fixation and denitrification. Bluegreen algae
! grow on the surface of some soils and help to bind the mineral particles,

thereby reducing erosion. Some bluegreen algae fix nitrogen.
Fungi break down detritus. One fungal group, the actinomycetes,
5 .- are known to fix nitrogen. Many fungi form mycorrhizal connections with
the roots of vascular plants. The topic of myCorrhiza was reviewed by

Hacskaylo (1971) and Marks and Kozlowski (1973). Mycorrhizal connections
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between roots and particularly the hymenomycetes (mushrooms, bracket fungi,
and their relatives) are extremely common among perennial plants, both
woody and herbaceous. Annuals are also subject to mycorrhizal infections.
Relatively little is known about the importance of mycorrhizae in south-
eastern plant communities, but their general role has been established
experimentally.

Mycorrhizal fungi are unable to digest cellulose and other high
molecular weight carbohydrates efficiently. Instead, their carbon source
is obtained from glucose and other sugars contributed by roots. Evidence
for this comes from experiments which showed that C]4-1abe1ed glucose 1is
transported from pine seedlings into the fungus (Ried and Woods 1969).
Further, the growth rate of the fungus increases as seedlings to which
they are connected are given increasing intensities of light. —

The vascular plant, which is less efficient in absorbing nutrients
from the soil than their fungal symbionts, receives nutrients directly
from these fungi. Pine seedlings that were infected with mycorrhizal
fungi contained higher amounts of phosphorous and potassium in their
tissues than did uninfected seedlings. The respiratory rates of in-
fected seedlings are much higher than in the uninfected seedlings.

The soil fauna is divisible into at least three categories. The
burrowing animals increase the aeration of the soil with their tunnels.

The more deeply burrowing forms cause the vertical mixing of the soil by
bringing excavated materials to the surface. Nutrients leached below

: the root zone may be recovered, and developing hard pans may be perforated. Ei;—

Common burrowers in the panhandle are moles, mic